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PREPACK 


Tn Toii-book now offered to the public hw been prepared to 
meet the ezieting want of a practical handy book” for the 
Aaeayer. 

To mining men the word ^'a^eaying” conveys a sufficiently dear 
meanings but it is difficult to define. Some writers limit it to 
the determination of silver and gold^ and others imagine that 
it has only to do with ** fumaoe-work.” Tfaeee limitations are 
not recognised in practice. In fact, assaying is becoming wider 
in its scope, and the dh^tinction between ''assayers” and 
analysts” wOJ in time be difficult to detect. We have en* 
deawoured rather to give what will be of use to the assayer 
than to cover the ground within the Umits of a faulty 
definition. 

At first our ir tention was to snpply a description of those 
subetanoeB only which have a commercial vaJtie, but on ooo' 
sdeiatioo we have added short acoounta of the rarer elements, 
«noe they are frequently met with, and oocasioQa% affect the 
aocuracy of an assay. ^ 

Under the more important methods we have given the reialti 
ef a series of expertmente showing the effect of vaoring omiditioiis 
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OD the accuracy of the process. Such experimente are often made 
by aseayers, but seldom recorded. Statements like those geaeraU| 
made— that ** this or that substance interferes" — are insufficient 
It is necessary to know under what conditions and to whai 
extent. 

Students learning any particular process cannot do better than 
repeat such a series of experiments. By this means they will, ai 
the same time, acquire the skill meceseary for performing an assay 
and a confidence in their results based upoA work under different 
conditions. 

The electrolytic method of copper assaying given under Copper 
is a moditicatiou of Luckow’s; it was introduced by us into the 
offices of the Rio Tinto Copper Company, and has been in use for 
many years with sii^x^ess. This modiheation is now employed in 
copper-works in Spain, Germany, and England, and is used in 
place of the dry assay for the commerdal valuation of copper 
ores. 

We have adhered to the gram and the ** c.c.'' as the units of 
weight aud volume. Those who prefer working with giains and 
grain -measures can use the figures given, multiplied by ten. For 
example: — When i gram is mentioned, lo grains should be used, 
and 10 grain ^measures take the place of i ** c.c." It is not 
advis:ible to mix the two systems, as by using gram weights and 
grain -measures. 

We have intentionally to a large extent omitted to mention the 
namos^of those who have originated or modified the various 
processes. The .practice of naming a process after its dis> 
ooverer ha» developed of late years, and is becoming objection* 
able. It is a graceful thing to natne a ga.s- burner after Bunsen, 
or a condenser after Liebig ; but when the practice has developed 
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80 thi^ one is directed to ** Finkeneiise ” a residue) or to use 
the Reicheit-Mei^-Wollny ” prooees, it is toe to stop. 

We are indebted to the suiidard works of Allen, Cnxdtes, 
F^resenio^ Lunge, Mitoll, Percy, and Sutton, and wish to express 
our sen.se of special indebtedness to Mr. Richard Smith, of the 
Royal School of Mines. One or two of the illustrations are takea 
from Mr. Sexton's excellent little boo^ on Ana/ysu. 

Our obligation to some others U orentioned in the text. 

Finally, we have to thank for aaeistanoe in the experimental 
work Messrs. Bailey, Beswick, Clarke, Grant, Higgins, and 
Smith. 

TU£ AUTHORS. 


CAMBnSM; AW. 
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A TEXT-BOOK OF ASSAYING. 


CHAPTER I. 

INTEODUCTOBT. 

Assaying has for its object the detenuioation of the quantities oi 
those constituente of a material which add to or detract from ihi 
value in the arts and manufactures. The methods of assaymg 
are mainly those of analytical chemistry, and are limited by various 
practical considerations to the determination of the constituent* 
of a small parcel, which is frequently only a few grains, and rarely 
more than a few ounces, in weight. From these determinations 
calculations are made, which have reference to a mass of materia) 
of, perhaps, hundreds of tons. But in all cases, whether the mass 
under consideration bo large or small, whether the material be 
obtained by mining, grown, or manufactured, the ossayer is sup- 
posed to receive a small quantity, called “ the sample," which is, or 
ought to be, the exact counterp^ of the mass of material that is 
being dealt with. The taking and making of this sample is 
termed sampling" ; and the men wh(^ special work it is to select 
such samples are the samplers." 

But although “ sampling ” is thus distinct from assaying,” the 
assayer should be familiar with the principles of sampliztg, and 
rigorous in the application of these principles in the selecting, 
from the sample scot him, that smaller portion upon which he 
perfom^ bis operations. 

Sampling . — In the cate of g<mt^ there is absolutely no trouble 
in mixing. The dhly dilHculty is in drawing off a fair sample 
where, as m* 0ues, the body of the gas is in motion, and varies a 
little in composition from time to time. In this case, care must 
hfi taken to draw off uniformly a sufficient volume of the gas during 
a prolonged period ; any portion of this larger volume may then 
bo tideen for the analytical operation. 


A 
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In til« oam (^Uquiiky which mix more or lees ea^j-Hud thle 
due indudes metals, in the state of fusion-^more or lem 
severe smtatkn, followed by the immediate withdrawal of a por- 
tion, wm yield a £sirly representative tauople. 

In tAs flow ^ loAuif, the whole masii must be crushed, and, if 
not already ol iuriy uniform quality, mixed, before sampling can 
take place. Most of the material which a sampler is called upon 
to deal with, is, however, in a more or less divided state and fairly 
uniform. In practice it is assumed that 5 per cent, of the whole 
( ~ Ts^)f ^ wen in portions of equal weight and at frequent and 
regular intervals, will represent the mass from which it was taken. 
Taking a heap of ore, A, and a^lecting one out of every twenty 
spade-, bag-, barrow-, <w wagon-fuls, according to the quantity of 
stuff in the heap, th^re is obtained a second heap, B, containing 
one-twentieth of the stuff of the heap A. If we crush the stuff in 
B until this heap contains approximately the same number of^ 
stones as A did — which means, crushing every stone in B into about 
twenty pieceei — B will become the countorj)art of A. Selecting 
in the some manner f per cent, of B, there is got a third heap, C. 
This alteimte reduction and pulverising must be carried on until 
a sample of suitable sue is obtained. This may be expresMd very 
clearly thus ; — 

A .m 1000 tons of rocks and Ivmpj ora 

B K 50 ii M rough ttODcs, of A. 

0 m a.5 w M mudl ttoeoft, A^h of B. 

D m aia$ M M coano wwder, ^th of C. 

If the material to be sampled is already a dry powder, 5 pet 
eent. of it should be heaped in a cone ; each lot being added on 
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the epez of the oooe ^dread/ fonned, so that it may ^gtribute 
iteelf by falling evenly in all directiona. When the cone is cotO' 
pleted, oonvert it into a low frustrum of a cone by drawing stulf 
uniformly and in a direct line from the centre to the <^um- 
ference. Draw two diameters at right angles to each other, and 
reserving any two alternate quarters, reject the others. Mix ; and 
form another cone, and proceed until a sample is got of the bulk 
required 

This is the usual plan, and all samples should be treated in this 
way when the stuff is hne enough to fall evenly down the sides of 
a cone. 

Samples as they reach the assay office are seldom in a fit state 
for the work of the assayer ; they are generally too coarse, and 
ought always to be more than be wants for«any particular deter- 
mination. The portion he requires should never be taken at 
» hap-hazard ; the sample must reduced systematically to the 
quantity required. 

1. if Hie tamjiU it a liquid : it is sufficient to shake the bottle, 
and take out a measured or weighed quantity for the assay. 

2. If a liquid vnth a tdid in tutpention ; measure the whole 
of it. Filter. Make up the filtrate with the wash-water or water 
to the oiigiiial bulk. Assay it. Dry and weigh the residue, and 
make a separate assay of it. 

3. 1/0/ a creamq coimsteneyf fret from heavy partidet : mix well ; 
spread out evenly on a glazed tile. Take up equal portions at 
equal distances. Mix and assay. 

If a mud of coarte and fine partidet^ or of parliclet of unequal 
dmtily : weigh and transfer to a porcelain di^, or weigh in the 
dish. Dry at loo* C., weigh. Treat the residue ae a solid capable 
of being powdered. 

5. jy a tdid capable of being poxodered^ or already potoderedi 
heap up into a cone ; flatten witJi a spatula ; divide along two 
diameters at right angles, and carefully reject the whole of two 
alternate quarters, brushing away any fine powder. Mix the 
other quarters, and repeat (if necessary). For small quantities a 
fine state of division is essential. 

6 , If a tolid with metaUic parlidet : powder and pass through 
a sieve ; the metallic particles will not pass through. Weigh both 
portionif and assay separately. Sifting tkoM he followed by a 
very thorough mixipg. 

If a meUd or cJloy tn ior or ingot : dean the upper snrfare 
of the bar, and bore through the b^. Use the borings. If the 
ingot or bar is small, cut it through and file the section* TMinge 
must be freed from fragments of the 6le by means of a magnet ; 
and from oil* if any be present, by wsidiing with a foitabii 
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•olwi* Whm practicable^ metals and alloys are best samjded 
melting and granulating. The student must carefully avoid any 
chance of mixing dirt or particles of other samples with the j»r- 
Ucular sample which he is preparing. One ore should be done at 
a time, and when tiiiishod, w should be labelled and wrapped up, 
or Itottled, before starting on a fresh sample. 

When an ore retiuircs to be very finely ground in an agate 
mortar, it is often aacLsable to mix with a little pure ah-ohol and 
rub unto free from grit; dry at loo* C. and mix well before 
weighing. 

When an assay is rerjuired of a quantity of ore made up of 
pnrtels of dilFerent weight and quality, each |kux« 1 should be 
separately sampled and jiorts of each Siimple, U*;Lring to ejirh 
other the same prop<ulion by weight as the original pantds, 
sliould be taken and luixeil. For example, a h)t of oi-o U inadn 
up of one pan.'ol of A, 570 tons, one of il, iSo Xohs, and unotlu’r 
of C, 50 tons ; a s:implo rej*resenting the w]ii>lo may l»e got by 
miiing 57 ptirts of a mini pie of A with iS {larU of a s:imple of 1 #, 
and 5 parts of a sample of 0. 

A bruising plate, like tiiat in fig. a, is coiivotiicnt for general 



office work. The slab is of cast iron, about an in<^ thick. It is 
firmly supported on a solid block of wood, and pivolinl for con* 
venieDce is emptying. Tlie bniising bammer is stee* faced, alwut 
4 inchea squnre, and 1 } inch Utick. The block is firmly fixed to a 
HsaQ table or tttMsel, so that the slab is about a feet 6 i&cb« 
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from the ground. Tho slab is cleaned, and the sample collected 
with the help of a stiiT'haired brush. 

Drying; Determination of Moisture.— In practice, the 
moisture is generaUy determined by the samplers, and the pro- 
portion is specified in grains per pound on the label attached to 
the sample when it reaches the assay office. The method adopted 
is uBuaUy to dry i lb. = 7000 grs. of the ore in a frying-pan 
heated over a gas flame, or in an ordinary oven, untO a cold bright 
piece of metal or glass is no longer damped when held over it. 
The loss of weight in grains = moisture. 

Properly, however, this workshould be done by the assayer, if 
only for the following reason. It is assumed that the diy ore of 
the sampler and of the assayer are the same thing; aooordi^ to 
the nature of the ore, this may or may not be the case. The 
assayer, however, uses the sample which he h^ dried for his 
moisture-determination, as the dry ore on which he makes his 
other assays, and no variation in moisture would influence the 
other and more import^int determinations. Some ores are sent 
to the smelter with from 5 to 1 5 per cent, of adherent water. In 
these ca.ses It is best to spread out the sample, and taking equal 
portions fairly at regular intervals, weigh into a Berlin di^ 30 
This should then be dried over a sand-bath, or if the ore 
IS likely to lie injured by excess of heat, over a water-bath until 
the eight i.s consbint. Ihe loss of weight multiplied by c gives 
tho percentage of water present. 

Example : — 


\Veit;ht of dish -h wolfram .... 32.67 gnns. 
„ „ dish 12.67 n 


• ,1 wolfram 


• • 2aoo p 


• n dish -I- wolfram • . * , 72.67 . 

• .. „ dri^ , , , • 3o-*5 ■ 

■ H water - 2,^2 « 

mu V aS2xS»ia.6 13.6*/^ 

There are other ores which are not apparently wet, but in the state 
called air-dri^/* It is easier to take fair samples of these, and, 
conseqiiently, it is not necessaiy to use so lazgo a quantity as 20 
gi^s. But with a smaller quantity, extra precautions must be 
^en. All dry solids at ordinary temperatures absorb moisture 
from toe aif. The amount varies with the nature of the material 
OM vnth toe quantity of surface exposed. Light bulky powders 
shMrb more than heavy ones, because of the greater condensing 
mmm. It IS on this account that it is well to weigh subetanoes, 
Which have been dried, between cloeo-fitting wotch-glaasee. The 
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neUiod of determining moisture is to weigh out into tee gUsMs 
5 grains of ore, and dry in tee wateroven until there is no further 
loss of weight On taking Uio glasses out of the oven, Uiey should 
ho at once doeed, the clip put on, and after cooling in a desiccator 
weighed. If after a sei'oud trial the ](m« is the same, or only in 
weased by a milligram, tee duterroination is finished* 

Example: — 

Weight of glassy -f pyrites , . • 31.0470 gnns, 

, „ giaisea 26.0470 „ 

. „ pyrites 5.0000 . 

„ H glasses fpyriteM, dried I hoar . 3aik)65 „ 

• • 1*^ ** M *4 « • 3*^1^957 » 

• » » • . . . . 31.0470 » 

• » .. N dried . . 30S957 « 


« w moUtare 0^1513 

(X 1513 x20« 3.026 

Sometimee it may be advisable to dry lo grams, in which case 
multiplying the loss by to will give Uie perrentage. The dried 

A ore sliouM lie tmiudcrrod to a weighing- ttilie (fig. 3), 
and reserved for the suljse(|uent determinations. The 
weighing-tube with Urn ore must be marked, and kepi 
in a desiccator. 

Most ores and inorganic mtlwtancea can be dried, 
and their moisture determine*! by the loss in tliis 
way. When, however, the sulwtance contains ant>ther 
somewhat volatile ingredient, it is exported over sul- 
phuric add in a desiccator for two du)^ (if in oraciio, 
all tee better), and the toes determined Moisture 
in dynamite sliould he determined in this way. 

V^en water is simply mechanically mixed with a 
substance it presents but little dilhnilty. The 00m- 
bined water is a difTerent matter. Slaked lime, eves 
when perfertly dry, contains much waUT \ and if the 
soda crystals were separated and frosen, it would 
occupy a volume equal to that of the original cipr^tala Perfeoit^ 
dry subetancee may contain much water, and thts oombit^ watet 
IS retained by difierent materials with very unequal vigour. 
Sodium sulphate and sodium phosplmte drystek loee water 
even whmi exposed under ordinary conditions to dry air. Soda 
emtals when heated melt, and at a moderate imnpertitire give 
0# thdr water with ebullition. The temperatuie at whk^ all 
tee water is given up varies wiUi eadi parucular sdt; the actual 
deterBiiiiate4i of the watm* in eadi case will require somewhat 
difibreoi t wtm e nt. Such determiiiatioits, howew, are sek loia 


fte. 3. 
water of 
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f^tiired; and fh>m a practical point of view this oombinad 
water causes no trouble. 

In (Maying oreff we term moisture ** all water which is lost 
by exposure in a wateroven at loo* C., and the “ dry ore ” is the 
ore which has been dried at this temperature. No advantage, but 
rather endless confusion, would be caused by varying tbe tempera* 
ture with the object of estimating the whole of. the water which a 
hydrated salt may contain. The results of the assay of the other 
oomponents should be calculated on tbe “ dry ore.” One advantage 
of this is obvious The diy ore has a constant compositionf and 
tbe raaulte of all assays of it will be the same, no matter when 
made ; the moisture, however, Aay vary from day to day, and 
would be inOuenced by a passing shower of rain. It is w^ to 
limit this variability to the moisture by considering it apart, and 
thus avoid having the percentage, say, of copper rising and filing 
under tbe influence of tbe weather. 

In the case of certain salts, however, such as soda ciystals and 
hydrated sulphate of copper (when these constitute the bulk of 
the substance to be assayed), it is as well to perform the assay 
on the moist, or at any rate air-dried, substance.* It would 
be equally convenient to calculate on the substance dried at 
IPO* C.; but in this case it would be well, in order to avoid 
a somewhat shallow criticism, to replace the term moisture” 
the longer but equivalent phrase “ water lost at loo* C.” 

Oaloulation and Statement of Results. — By far the most 
generally oonvenient method of stating the results of an assay is 
that of the percentage or parts in a hundred, and to avoid a 
needlessly troublesome calculation it is well to take such a quantity 
of ore for each assay as by a simple multiplication will yield the 
percentage. In these calculations decim^ are freely employed, 
and students should make themselves familiar with the methods 
of using them. 

Other methods of statement are in use, and have advantages 
In certain special cases. With bullion the parts in a thousand 
are given^ and in those cases in which the percentage is veiy 
small, as in water analysis, it is oonvenient to report on parts 
in 100,000, or even on parts per 1,000,000. These areeasQy 
got fro^ the corresponding peroenta^ by shifting the decimal 
point one, three, or four places to the right. Thus 92.5 peroenk 
is 925 per thousand ; and 0.0036 per cent, is 3.6 per 100,000, 
or 36 nw million. 

with ores of tin, silver, and gold, the result is stated as so mAny 
flwts., lbs,, or on., in the ton. With dressed tin om as they are 

* Such ntwtaBoet are best dried bf presring between toldt of dft 

Uter^paper. 
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amt to Uie smdter, tlie produce ii given in cwti. tad <purtm 
to the too. The oomspondinc perceotage may be obtained by 
mnltipljing W five ; or^ inTersely, if the percentage ia given, the 
produce may be got by dividing by five. A produce of 13^ equals 
a percentage of 13.5 x 5 67. j ; and a percentage of 70.0 equals a 
produce of 70'i>5»i4. Witti tin ores as raised (in which the 
percentage is small) the reduction must be carried to pounds per 
ton. One per cent, equals 27,4 lbs. to the ton; consequently, if 
we multiply the percentage by 23.4, the produce will be given. 
Thus, if an ore contains 6.7 per cent of oxide of tin, the pi^uoe 
is 6.7 X 22.4 B 150 llks. (or 1 cwt., 1 quarter, and 10 Ibe.) to the 
ton. With gold xnd silver oreSyHbe proportion of predous metal 
is small, and it is necessary to carry the reduction to ozs. and 
dwts. to the ton ; oad since gold and silrer are sold by troy 
weight, whilst the ton U avoirdupois, it is of importance to 
remember that the ounces in the two systems are not the same. ' 
A ton contains 15,680,000 grains, which equal 653t333-3 dwta. 
or 32,666.6 01s. (troy). The following rules are useful : — 

To g^ ois. (troy) per ton, multiply ports per 100,000 by 0.327 ; 

To get da-ts, per ton, multiply parts per 100,000 by 6.53 ; 

To get grains per ton, multiply parts per 100,000 by 156.8. 

Where liquids are lieing assayed, cubic centimetres are held to 
be equivalent to gram.s, and the usual method of statemeot iSi 
** so many parts by weight in so many by measure." Where tha 
statement is made as grams per litre or grains per gallon, there 
can be no doubt as to what \» meant ; and even if it ^ expressed 
in parte per 100,000, parte by weight in a measured volume must 
be ondendood unless the contrary is expressly stated. 

In some casCsS, where the density of the solution difiVr* greatly 
from that of water, the percentage hy weight may bo given ; and 
in others, mixtures of two or more liquids, the percentnges may 
be given hy volume or hy weight ; as so many c.c, in 100 c^c., or 
aa m many grams in 100 grains, or even as so many grams in 
100 C.C. In such cases it must be dUiinctly shown which method 
of statement is adopted. 

One grain per gdlon means i grain in 70,000 grain measun^, 
or one part in 70,000. Dividing by 7 anrl multiplying by 10 
wiS convert grains per gallon into parte p(*r i oo.ooo. Inyemly^ 
dividing hy 10 and multiplying by 7, uill nmveit paita per 
100,000 into grains per gallon. 

Grams per litre are pa^ per 1000 ; multipl^g by 100 wO! give 
parte per too,ooo,and multiplnng bv 70 will nvegmlnaper gaUmi. 

Among foreign systems of weighs the Fret^ is by w the 
bwt. OograiDi (2.205 1^) q^ioUd (220 r 1^) m parti 
f«r cent.; i^nd grams (15.43 gm.) per qttioW art parte par 
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100,000. From the role already given, grams per quintal may 
be converted into ounces to the ton by mmtiplying by 0.327. 

The German loths per centner (J oz. (avoirdupoia) to 100 lbs.) 
equal parte per 3200 ; they are converts into parte per cent, by 
dividing by 32, or into ounces (troy) per ton by multiplying by 
ro.2o8. 

In the United States, ae a sort of compromise between the 
avoirdupois and metric systems, a ton is taken as 2000 lbs. 
There, too, the custom is adopted of reporting the gold and silver 
contents of an ore as so many dollars and cents to the ton. In 
the case of gold, an ounce is considered to be worth 20.6718 
dollars. With silver, the nomthal value is 1.2929 dollars per 
ounce, but frequently in assay reports it is taken as one dollar. 
The practice is objectionable. The prices of metals vary with the 
fluctuations of the market, and if the assayer fixed the price, 
the date of his report would be all important ; if, on the other 
band, he takes a fixed price which does not at all times agree 
with the market one, it leaves a path open for the deception of 
those unacquainted with the custom. American dollars on the 
ton of 2000 lbs,” may be converted into ounces in the ton of 
2240 lbs.” by dividing by 1,1544 in the case of silver, and by 
18.457 in the cose of gold. 

Laboratory Books and Report Forms.— The record which 
the assayer makes of his work must be clear and neat, so that 
reference, even after an interval of years, should be certain and 
easy. One method should be adopted and adhered to. Where 
there are a krge number of samples, three books are required. 

Sample Book . — This contains particulars of the samples (marks, 
ikc.), which are entered by the office-clerk as they arrive. He at 
the same time puts on each sample the distinguishing number. 

Example of Page of Sample Book. 


Dtte. 

Knmber, 

San pie. 

Reta&rU. 

1 

48 x 

X 

4 S 3 

73 

1 J.T. 
aJ,T. 

Tough Copper , . 

Piece of Metal . 

Tough Copper. 

Silver Precipitate, 

4 casks. 24 cwt 1 qr. . 
Purple Ore, 200 tons. 
Lead Ore, t J.T, . * 

» aJ.T. j 

For Arsenic. 

For Ni and Cn. 

With Letter. 

From Corsioa. 


Lahmdory Book. This is the Assayer's note-book, in which he 
enters clearly tiie partunilars of his work— the results obtained, as 
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mB aft hem ihm reaoHi were arrived at The oidoii!atloiii thooM 
be done on scrap-paper, and should not be entered, although, o! 
eonne, detail oiough must be riiiown to enable the results to be re» 
oalcokted* 

£xaii?li or Paob or Ladoeatort Booi* 


Parple Ore 
iWiOf *9 

Oj 0041 gna 
aooii m 

ggnuas 

OoJorimetHo 0.006^ x ao 

« 013*/, Copper 

482 

Coppor 

1,^ 

■ 

tag OA Uraniom. 

lograotf 

m 051*/. Aneaie 

ao8a 

Xoagb Coppsr 

ia7e.o. CranioaL 

10 grams 

m 063*/* Araanlo 

491 

Toogh Conwr 
feh 

13.7 on. UranlaiB. 

SO grama 

■ 068*/, Aisaolo 

Hrandard ol Uraoiom aeetata 

ai5ogram AxgO, m 13.30.0. UranJoa 

100 00. Vimniiun * 05 gram As. 

10071 

Tlo Ore 

rah.i *9 

Croe. sad SaO, 9 6065 grna 
Cma aod Ash 9^4135 *, 

SglUM 


8dO, -01830 

■ aS8*/«Tbi 

< 


Tki Boe^*--Th»ktheOffida]bodi,a&d isaoemkbinatiM 
of the Ssaple and lAtboratorj hooka 2t oorreaponda with the 
leporvtaMb Without beiBg kaded with detail, liabottki oontain 
to ehanoterise eadi aample. 
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Example or Fagi or Assay Book. 



















A 


Dsfcftiftioir or 

Burrbi. 



H 

6 

Amit ov no Dnt 







Sc «g 

Matooul. 


m 

MoterioL 

Wdsbt. 



m. 

CC 

iMO. 
t eb. 1 


tone 

cwt. 

qn. 

llx. 

i 



Tonrh nke ropper 

... 




4S« ... 

Amnle, 

7 

e“Vi*fr 


MO 



7o8i ... 

Ar*enic, 0.63% 

7 

I 

Toufh 1^* oupiier 



- 


491 

Aremic, 0.68% 

7 

( 

Pflb. 1 

NUAoldlM forC.B, 





X ' ... 

i 

Copper, 73, 7S 

Nit;ke), t4.34 

7 1 







j 

• Iran. t.iS 









loarf 


m 

SOm pfwdpiute. 


«4 

1 

0 

,3 Sox 

StlTPT, 4.851 



4 ouke 





Oel. 

10 

Gobi, 0.0315 

IQ. 37 

ZlIK', 3.00 







i 

Silver, i£>< 4.7 oa. per toa 
Gold, 7.0 III*, pertoo 


■ 

Psr^e ore 

too 


■" 


404 

del. 

Copper, 0.13% 
Suipliur, o.is 7 « 

II 


When the number of samples is small, tlie Sample Book may be 
omittetl, and the entries made in the A^y Book as the samples 

arrive. . 

JiepiH^/omu. These should entail as little writing as possible m 
making out thu report For general purposes the form given 
on p. 1 2 is useful. 

The quantity of substance to be taken for any particular 
assay depends largely u|x)n the method of assay adopted, Ihere 
are, however, some general considerations which should be remem* 
bered, and some devices for simplifying the calculations which 
should be discussed. 

The smaller the percentage of the substance to be determined* 
the Ui*ger should be the amount of the ore taken. The following 
table will give a general idea as to this 


* PWeantM* of the nlNauti 
to deUrroiadil. 

lod-to 

10-5 

1 - 0.1 

ai-aol 


Atnoant of on, Se., to 
be welched, 

I gram. 

3 grama 

S » 

10 „ 

30 , 


The rougher the method of asmy adopted, the larger diould fal 











If 


TixT‘BOox or Ammm, 
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tlie quantity of ore taken. If the degree of accuracy attainable 
with the methods and instruments at the assayer’s service is 
known, it is easy to calculate what quantity should be taken lor 
any particular case. If the results are good within o.ooi gram, 
then, taking i gram of ore we can report within o.i per cent., or 
if they are good within 0.0002 gram, taking 20 grams of ore, we 
can report within 1 part per 100,000, or very closely within 
6J dwt, to the tom If it is wished to be yet more particular in 
reporting, larger quantities must be taken. The difficulty of 
manipulating very small or very large precipitates, <!»., must be 
borne in mind. Bo, too, must the fact that the greater the weight 
of the final product of an a.ssay,*the less, as a rule, is the percent- 
age error. The distinction between absolute and percentage error, 
often overlooked, is impoiiant. If 0.5 gram of silver be cupelled 
wdth 20 grams of lead, there may be oi)t;uncd a button of 0.495 
gram ; the absolute loss is 0.005 equals i per cent, 

of the silver present. Similarly, cupelling o.i gram, the resulting 
button may bo 0.098 ; the absolute loss is only 0.002 gram, bat this 
eqiuils 2 per cent, of the silver present. In the same way the 
student should see that the two results, 91.5 per cent, and 92,0 
per cent., are i-eally more concordant than the results 9,1 per cent, 
and 9.2 per cent. 

A device often adopted in practice where a large number of 
assays of one kind aj o made, and the report Is given as so many 
ounces or pounds to the ton, is that known as the assay ton. The 
assay ton may be any arbitrary and convenient weight, but its 
subdivisions must Ixsar to it the sfvnm relations as pounds and 
ounces bear to the actual ton. On the other hand, in a labora- 
tory where many kinds of work are performed, difTerent seta of 
weights of this kind would only tend to confusion, even if they 
were not unnecessary. With a set of gram weights and its sub- 
divisions anything m.ay be done. If it is deau^ to report as 
pounds to the ton, then, aince there are 2240 lbs. to the ton, a 
weight of 2.340 grams may bo taken as the assay ton, and each 
O.OOI grajn yielded will equal i lb., or 22.4 grams may represent 
the ton, and each 0.0 1 gi'iim a pound. Similarly, since there are 
32,666.6 0X8, troy to the ton; if w’e take 32.6667 grams as the 
assay ^n, each 0.001 will equal i oz. to the ton. In some 
cases it may be convenicDt to have, in addition to the usual gram 
weights, one or flther of the “ assay tons ” mentioned above, but 
generally it L better to work on a purely decimal system, and 
oonwxt when required into ounces per ton, &c., either by actual 
oalcalaUon or by reference to a set of tables. 
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fiAonou Iimnm 

tte i tad ip t thooM pnoUM foob odonUOooi ai Cb« foUowlif 

I. CMottUto the porcentagoi In the foQowing oaaea 

(a) Ore taken, a grama ; copper found. 0,1155, 

(k) » 1.5 gnm ; iron foond, o.$34a 

(«) „ y> grama ; lead found, 3>3, 

IL Oaloalate the parte per thoQiand in the following 

(«) Bullion taken, i.l gram ; aUrer foond, t.017. 

(k) „ i,l4 gram ; allver found, i.om 

(tf) M 0^6 gram ; gold foond, assoa 

3. Oaloalate jparta per 100,000 in thp following;-^ 

(a) Ore taken, 20 grams ; ailrer fooiHi 0^5. 
j&) H 50 grams ; gold found, aooa6. 

(c) Water taken, 500 c,c. ; solids found, o. 110$. 

4. Oaloalate cwte. to the ton in the follrwing:— 

(u) Ore taken, 5 grams ; tin fcsmd, 3.816. 

(8| „ 5 grams ; Un ff enti, 5. 1 3& 

(c) An ore with 6k a per cent, of tin. 

5. OakmJate lbs. to the ton in the folio ring 

(а) An ore with 3.38 per cent, oxide of Un* 

(б) Ore taken, ao grams ; oxid t of tin ftmnd, 1 47* 

& Oakulate 01s. {troT) to the ton in ib t following 

(а) Ore taken, 50 grams ; gold found, txoojt, 

(б) „ 30 grams ; aUw i foan^ 00357. 

(e) N as grams; aUag foondiOAth^ 

7. Cakoiate in grains par gallon 
<•) 051 gram per litre. 

(6) 24.6 parts per locMxxx 
jej Solution taken, 100 c.a ; copper found, 00045 
(0) « $0 oo ; Ixw foond, 0165 graaa. 

& Conrert Into oaa. (tro/) per too 
(e) 7 loiha per ceotner, 

(8) 30 grams per quintal 
(a) isparuper loOQOft 
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CHAPTER a. 

hubthods of assayino.-^dby gbavihetbio 

METHODS. 

Thb methods of assaying are best classed under two heads, Gravi- 
metric and Volumetric, in the former of which the final results 
are weighed, whilst in the latter they are measured. A commoner 
and older division is expressed in the terms much used in practice 
— wet assays and dry assays. Wet assays include all those in 
which solvents, <tc. (liquid at the ordinary temperature), are 
mainly used ; and dry assa3r3, those in which solid re-agents are 
almost exclusively employed. Dry assays form a branch of gravi- 
metrio work, and we shall Include under this head all those 
w«iys requiring the help of a wind furnace. Wet assays, as 
generally understood, would include not only those which we 
as wet gravimetric assays, but also all the volumetric 
processes. 

Gravimetric Metbods aim at the separation of the substance 
from the other matters present in the ore, so that it may be 
weighed ; and, therefore, they must yield the lohoU of the sub- 
stance in a pure state. It is not necessary that a metal should be 
weighed as metal ; it may be weighed in the form of a compound 
of definite and known composition. For example, one part 
by weight of silver chloride contains (and, if pure, always contains) 
0,7527 part of silver { and a quantity of this metal can be as exactly 
determined by weighing it as chloride as by weighing it in the 
metric state. But in either case the metal or its chloride most 

^ * M L • J 

Exact purity and complete separation are not easily obtained ; 
and methods are used which ere defective in one or ^th of these 
raspeetk It is well to note that an impure product increa^ the 
result, whilst a l<^ of the substance decreases it ; so that if both 
defects exist in a process they traid to neutralise each othw. Of 
dry methods generally, it may be said that they neither give the 
whole of the substance nor giw it pure ; so that they are only 
to show the amount of metal that can be exIiMted on 
% sonle, and not the actual quantity of it 
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nieir detffmm&tioiis m genemlly roo^ aod alwtjs low. Tho 

S lid and niver determixiationfi, however, wiU oompare veiy 
vowmbfy with anj of the other prooeeses for the estunadon of 
these metals in their ores. 

The oalcukdon of the results of a gravimetric nsmj has aireadj 
been referred to. If the result is to be stated as percentage, it 
may always be done by the following rule tAa 

of ikt nihtiitnes ffot by perotidag^ of ln^Aii oonlatns, and 
ditidA by tAe umyht of ore uikm. 

Gravimetric methods are divided into three groups: (i) mo* 
ehanical separations ; (3) dry methods ; and (3) wet methods. 

Mechanical Separations— 'Under this head are classed the 
method of assaying tin ores, known as vanning, and the amalga^ 
m.’ition assay for gold. A set of sieves to determine the relative 
proportion of {x>wtlers of dilTerent degrees of hneness is sometimes 
useful. A set with lo, 30, 40 and So meshas to the inch is con* 
venicnt 

Dry Assays. — An import^int distinction between wet and dry 
methods of assaying is^ tint in the former the substance is got 
into the liquid sUte by solution, whilst in the latter fusion is 
taken advantage of. 

Tl^e diiVerem^ l^^tween solution and fusion is easily illustrated ; 
a lump of sugar lit^ited over a candle* flame melts or fu.sos ; sua* 
pended in water it dissolves. Many suUtances which are insolu- 
ble or infusible of themselves, berame soluble or fusible when 


mijte«i with certain others ; thus, in this way, solution is got with 
the aid of reagents, aiid fusion w*ith the help of fluxes. For ex- 
ample, lead Ls insoluble in water, but if nitric odd be added, the 
metal rapidly di^apj^ears. It is convenient, but somewhat in- 
accumte, to ^^y that the acid dissolves the te^. If the lead be 
acted on nitric acid alone, w ithout water, it is converted into a 
white powder, which does not dissolve until water is added ; in 
this case it is obrious that the water is the solvent. The function 
of the acid is to convert the lead into a soluble compound. 

Flaxes may act as true solvents. Fused carbonate of soda 
dissolves baric carbonate, and pertiaps in many slags true solu- 
tion oocnin ; but in the great majority of cases a dux is a solid 
reagent added for the purpo^ of forming a fusible wmp<m^d with 
the earthy or stony mineruls of the ore. Few of the minemU 
which oocur in the pngue of an ore are fusibla ; and still fewer 
are sufficiently fusihle for the purposes of the oMayer, ooose* 
qoentlv the subject is one of importance, and it ought to be 
treated on chemkaJ principlei. An idea of the oompodtioii ol 
eome (d the more frequentJv ooeurring rodm may be gatb«rei{ 
ittMA the following tal^ which repremta rough ivengos ;<«• 
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euica. 

AlamiM. 

Oxide of 
iron. 

Line end 




migneeU, 


Sandstone, grit, quartz- 


•/. 

V. 

7. 

7. 

ite, Stc 

Granite, gneiss, quartz- 

80-100 


” 



porphyry, fire-clay, Ac. 

70-75 

13-aO 

a 

a 

5-8 

Leuiafirft- 

cUj. 

Mica-schist . . . • • 

65 

18 

5 

3 

3 

Trachyte, syenite , , . 


17 

7 

4-7 

6-9 

Clay-slate . . . • • 

60 

18 

10 

8 

3 

Diorite 

54 

• 17 

18 

9 

3-4 

Hornblende-rock . • • 

50 

18 

IS 

12 

3-4 

Brick-clay 

50 

34 

8 

6 


China-clay 

47 

39 

— 

— 

— 

Basalt, dolerite, Ac. . . 

50 

15 

15 

16 

3 

Serpentine ..... 
Cb^k, limestone, dolo- 

44 

” 


44 


mit^ Ac. .... . 

““ 


— 

45 -SS 



Silica itself, and the Bilicates of alumina, of lime, and of mag- 
nesia, are practically infusible ; the silicates of soda, of potash, 
and of iron are easily fusible if the base (soda, potash, or oxide of 
iron) be present in sulHcient quantity, and if, in the case of the 
iron, it is present mainly as lower oxide (feirous silicate). The 
addition of lime, oxide of iron, or alkali to silicate of alumina 
results in the formation of a double silicate of alumina and lime, 
or of alumina and iron, Ac,, all of which are easily fusible. 
Similarly, if to a silicate of lime we odd oxide of iron, or soda, or 
even alumina, a fusible double silicate will be formed. Thus lime, 
soda, oxide of iron, and clay, are flux/et when properly used \ but 
since lime, clay (and oxide of iron if there be any tendency to 
form peroxide), are of themselves infusible, any excess of these 
fluxes would tend to stiffen and render pasty the resulting slag. 
So, too, soda, which is a very strong base, may act prejudimlly if 
it be in sufficient excess to set free notable quantities of lime and 
magnesia, which but for that excess would exist in combination 
as complex fusible silicates. There are many minerals which with 
but littjp soda form a glass, but with more yield a lumpy scoria- 
cious mass. There are many minerals, too, which are already 
bamc (for exampU, calcite), and which, when present, demand 
either a lees basic or an acid flux according to the proportions in 
which they exist, For purposes of this, l^d borax, or glass, or 
day with more or less K)da may be used, and of these borax is 
far the most generally useful. An objection to too basic a slag 
(and a yeiy important one) is the 8p(^ with which it ooirodes 
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OfduuuT crndKIeSi These crudblei^ consisting of quarts and clay^ 
are rapidly attained by lime, soda and bases generally. 

Id oonaidering what is and what is not a good slag, certam 
chemical properties are of importance. If a mixture of many 
Stthetanoee be fused and allowed to solidify in a crucible, there 
will be found some or all of the fob 
lowing. At the bottom of the crucible 
(fig. 4) a button of metal, resting on 
this a speise ; then a regulus, next a 
slag made up of silicate and borates 
and metallic oxidos, and lastly, on the 
top another layer of slag, mainly made 
up of fusible dilorides and sulphates. 
In aSBaying operations the object is i^netally to concentrate the 
metal sought for in a button of metal, speise or regulus, and to 
leave the mrtby and other impurities os far as possible in the 1 
slag ; whether there be one or two layt^rs of slag is a matter of 
indi^erence ; * but the cliemical action of the lower layer upon the 
speise, or regulus, or metal, is of great importance. 

A is a cv>uq>ound of one or moD> of the metals with 

sulphur; it is usually brittle, oftcu oryst^illine, and of a dull 
somewhat greasy lustre. It is essential tliat the sing, w {ten t did, 
shall be 80 much more brittle tlmn the ngulus, tluit it shall lie 
easy to crumble, and remove it witliout bn*;iking the latter ; and 
it must not be liatdc. The edVit (»f fusing a r»*gulus with a Ijosio 
slag is well seen wl>en sulphiU v/lmd is witlj carhonaU of 
$oda: the result b a button of metal (more or pure), ant) a 
slag containing sulpbules of leml and s^Hlium ; and again, if sub 
phide of iaad be fuMHj witli an f.xo\ss of oxide of b^ail, a button 
of lead wdl be got, and a slag which b siiiqdy oxide of lead (with 
whatever it may liave tahrn up froui the f nuible), or if a sulKci- 


ant excess has not bc'tm umiO, oxide of b^id mixisl with some sub 
phide. When (as is most fmjucntly the cum*) the desire is to 
prevent the formation of regulus, these nwliorw may be taken 
advantage of, but otherwise the use of :i Ilux tiaving any such U'li* 
deocy must be avoided. A gfssl abig (fitmi which a iVgulus ni.‘iy 
be easily seporatetl) may U obiaiinsl by fusing, nay, ao gmms of 
ore with bona 15 gmms, {xiwdered gloss (5 grams, fiuor s^mr, 
20 grams, and lime 20 grams ; by quenching the stag hi water 
ss soon as it has solidiilc^l, it is rendered very j^rittlc. 

Sulphide of iron formed during ao assay will remain dUTused 


* Tbers Is sn exception to thli, as when the slsg U liable to be soted on 
^bea expoeed to the air and (0 the gseei of the femaoe. la this osse.a 
layer of msed commonialt floating on the sla|; so as to protect It front the 
atr and Infwoe gases, Is a distinct advaat^ 
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throagb the dag, inatead of fusing into a button of regulus, if the 
slag contain sulphide of sodium. The same is true of other sul- 
phides if not present in too great a quantity, and if the tempeiUr 
ture u not too high. 

JSpmmt are compounds of a metal or metab with arsenic. 
They are chiedy of interest in the metallurgy of nickel, cobalt, 
and tin. They are formed by healing the metal or ere in covered 
crucibles with arsenic and, if necessary, a reducing agent. The 
product is fused with more arsenic under a slag, consisting mainly 
of borax. They are very fusible, biittle compounds. On expo- 
sure to the air at a red heat the arsenic und the metal simul- 
taneously oxidize. When iron, t cobalt, nickel, and copper are 
present in the same speise, they are elimmated in the order 
mentioned. 

Slagi from which metals are to be separated should not be 
too acid ; at least, in thut>e cases in which the metal is to be 
reduced from a compound, as well as separated from earthy 
impurities. Where the object is eimply to get a button of metal 
from a substance in which it is already in the metallic state, but 
mixed with druas (made up of metallic oxides, such os those of 
tine or iron), from which it is desired to sepiirate it, an acid flux 
like borax b l)est ; or, if the metal is easily fusible, and there 
would be danger of loss of metal by oxidation or volatilising, it 
may be melt^ under a layer of resin or fat. Common salt i?* 
sometimes used with a similar object, and is often useful. Under 
ceitain conditions, luiwever, it has a tendency to cause the for- 
mation of volatile clilorides with a consequent loss of metal. 

In the great majority of casee, the fusion of the metal is 
acoompani^ by reduction from the state of oxide ; in these the 
aUg should be basic. It is nut e.'ocy to I'educe the whole of n 
reducible oxide (say oxide of (x»pf>cr or of iron) from a slag in which 
it exists as a borate or silicjite ; there shouhl he at least enough 
soda present to liberate it. When the object is to Be|iaraU: 
one metal, say copper, without reducing an unnecessaiy amount 
of another (iron) at the s.ame time, a slag with a good deal of 
borax is a distinct advantage. The slag then will probably not Is* 
free from copper, so that it will bo neccNSjiry to jx>wder and mi.x 
the slag with some soda and a reducing agent, and to again fuse 
the fdft^ in order to separate this residual metal. In all those 
cases in which th^ slag retains on oxide of a he.avy metal, tlu.H 
cleaning of the slag is advisable, and in the case of rich ores 
necessary. Sings containing sulphides are especially apt to retain 
the more easily reducible metak 
‘ Hie following are the ordinary and most useful flaxes >— 
Soda.-* The powdeioii UcarlMnate, sold by druj^ts u **€a^ 
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bonato of soda,” ia generally used. It gives off its water and 
eness of oarbonio acid readily and without fusion. Where the 
melting down is performed mpidly^ the escaping gas is apt to 
cause trouble by frothing* and so oauning waste of tho material. 
Ordinary carbonate of when hydrated (soda crystals), melts 
easilyi and gives off its water with ebuliition. It is unfit for use 
in assaying, but when dried it can l>e used instead of the bicar* 
bonate. One part of tho dried mrbunate is e<|uivalent to rather 
more than one and a half juirts of tho bicfirbonato. From two 
to four parts of the flux are amply sufficient to yield a fluid slag 
with one part of earthy matter. This sUiteiuent is also true of 
the fluxes which follow. * 

Borax is a hydrated bibomteof soda, containing nearly luilf its 
weight of water. When hwit^Hl It swells up, lutsw its water, and 
fuses into a gLiss, The s^vclliitg up uuty b^'ome a source of loss 
in the assay by piLsIdng S4>me of the contonU out of the crucihlo, ' 
To avoid or drml ix^rax may be UM-d, in which case a 

little more than lialf the amount of U^mx indinttod will mitfico. 
Borax will flux almost anything, but it U espechUly valuable in 
fiuziog lime, and meUltic oxidcrs ; as also in those castes in 
which it is desired to keep certain of the latter in the slag and out 
of the button of metal. 

Oxide of Load, in the form of rod Imd or litlwiru'o, is a valu- 
able flux ; it ea>ily dissolves those metallic oxides whicli ju>> either 
infusible or dilfieuitly fusible of themselves, such as oxidtw of iron 
or copper. The reeulung slag is stnmgly Ijasic and very corrosive ; 
DO crucible will long withstand the attack of a fusisl mixture of 
oxides of l«id and copper. With silimtes, also, it forms very 
fusible double ailimtes ; but in the aWnce of silicates and 
borateo it has no action upon lime or magnet Whether the 
lead be added as litharge or as red lead, it will exist in the slag as 
monoxide (litfaar^m) ; the extx<sa of oxyi;eti of the red lead is thus 
available for oxidising puqmsos. If this oxidising power U pre> 
jndiciai, it may be neutrmli^ Ijy ^ho red lei^ with i per 

cent, of chared. 

OUrne: broken beakers and fUsk.s. clmnoti, dried, and powdered 
wilJ do. It should be free from Und. 

naor: fluor spar as free as possihle from other minemki 
powdered. It belpe to flux phosphate of lime, Ac., and Afusibte 
mlinrtei < 

14iB« ; should be fresh and powdered. It mtut not be sUked 
Pbwdeied white marble (carbo^te of lime) will do; but wmif 
doable the quanUty most be taken. One part of lime iwodooii 
the maie affect as t.S parUof the carbonate lime. 

€lirlir and ** blade flax," eiw ledoeing afanti ec well ae flaw 
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The “ black which maj be obtained hy heatmg tavtar, k a 
mixture of carbonate of potaab and charooaL 

Keducino AoEMia. — llie dktmction between reducing agents 
and fliues (too often ignored) is an important one. Fluxes yield 
•lags ; reducing agents give buttons of r^lus or of metal The 
action of a redudng agent is the separation of the oxygen or 
sulphur from the metal with which it is combined. For example, 
the mineral anglesite (lead sulphate) is a compound of lead, sulphur, 
and oxygen ; by carefully heatmg it with charcoal the oxygen is 
taken away by the charcoal, and a regulus of lead sulphide 
remains. If the regulus bo then fused with metallic iron the 
sulphur is remove<i by the iron, and metallic lead is left. The 
charcoal and the iron are reducing agents. But in defining a 
reducing agent as one which removes oxygen, or sulphur, from a 
mettillic compound so as to set the met^ free, it must be re- 
membered that suipliur itself will reduce metallic lead from fused 
litharge, and that ox}'gGn will similarly set free the metal in fused 
lead sulphide. There is no impropriety in describing sulphur as 
a reducing agent; but it is absurd to call oxygen one. Some 
confuhion will be avoided if these substances and those which 
are opposite to them in property be classed as oxidising and de- 
oxidising, sulphurising, and de-sulphunsing agents. .Most oxidis- 
ing agents aim act as de-sulphurisers. 

Thi de-oridiaing agenU most in xise are the following : — 

Charcoal. — Powdere^l wood charcoal ; it contains more or lees 
hygroscopic moisture and about 3 or 4 per cent, of ash. The rest 
may be considered carbon. Carbon heated with metallic oxides 
takes the ox)'geD ; at low tem[>orature8 it forms carbon dioxide, 
and at higher ones, carbon monoxide. Other conditions besides 
that of temperature have an influence in producing these results; 
and as the quantity of charcoal r(H|uired to complete a definite 
reaction varies these, it should be calculated from the 

results of immediate experience rather than from theoretical 
oonsideratioDS. 

Flour,-*- Ordinary wheat flour is convenient in use. On being 
heated it gives off inflammable gases which have a certain re- 
ducing effect, and a residue of finely divided carbon is left, It is 
likely to vary in the quantity of moisture it contains. Two porta 
of fiour should be used where one part of charcoal would be other- 
wise required. * 

Tartar*— This is crude hydric potassic tartrate ; the purified 
•alt, cream of tartar, may be used. On being heated it gives off 
infi^mable gases, and leaves a residue formed of TOtaasio 
carbonate mixed with finely divided carbon. Five parts <h tartar 
should be used in t^ place of one of charcoal 
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Anthradto or Onlm is a kind of oon! containing 90 por eoni 
or more of carbon. It gives off no infiaaunaUe gaa. It is denasTt 
and talme longer in bumingt than charcoal. Its reducing effect 
is little inferior to that of charcoal. Almost anj organic sub- 
stance can be used as a reducing agent, but it is not to selsct 
one whkh melts, swells up, or gives off much water and gas when 
heated in the furnace. 

Fotasaio Cyanide is an easily fusible ami eomewhat volatile 
■dt, which, when fused, readily removes oxygen and sulphur from 
m^llic compounds, and forms ^Uasic cyanate or sulpnocyanaU 
as the case may be. Commeix^ samples vary much in purity ; 
smne coDtain less than 50 per ‘cent 01 the s^t. For assaying, 
only the better qualities should be used. 

Iron is a de-sulphurising ratlier than a deK>xidisii^ agent, 
fron is used in the fc^rm of rods, ^ inch in diameter, or of nails, 
cr of hoop iron. In the last ease it idiould be thin enough to U* ' 
bent witlmut dii&culty. Wrought iron crucibles are veiy useful 
in the processes required for making galena assays. 

The chief orufifing agcnii (irAicA on aim d4-9\d^uri$er$) are 
the following : — 

nitre, or Potassic Nitrate. — ^Thk mH fusee very easily to 
a watery liquid. It oxidises most combustible substances with 
deflagration, and thereby converts sulubtdes into sulphates, 
arsenides into arsenates, and most metals into oxides. In the 
presence of strong bsi^es, such as soda, the whole of the sulphur 
is fully oxidised ; but in many cases some araenic is apt to 
escape, and to give rise to a {>e<ntlUr garlto-like odour. The 
sulphates of soda and potash are thus fonned, and float a 
watery liquid on the surface of the sUg. 

Bed lead is an oxide of lead. Alsnit one^oaiter of its oxy- 
gen is vefT loosely held, and, licnce, is available for oxidising pur- 
poses, without any sepuaiion of metallic lead. The rest ^ Uie 
oxygen is also available ; but for each put of oxygen givmt off, 
about 13 parts of meUliic lead are dopjnted. In silver aisftys this 
power of readily giving up oxygen is made use of. Hie temdual 
oxide (litharge) acts as a flux. 

Hot air is tl^ oxidising agmt In roasting operatkma, Hie 
ratphnr and arsenic of such minetmls as mis|a<lLsJ and pjgdtaa are 
oxidised hy the Imt air and paas off as mlphur dioxi^ and ^ white 
anenie.” The metals generally mnatn in the hirm of oxide, mixed 
with mm or lem ntlphaU and araanate* The reiddoa may 
rmam as a nowdeiy mbstatma (a mdx), in whidi oaaa tha proema 
of rosadiig m termed calctnatton ; m* it may be a paa^ mam or 
HqvdL In tha caldnataoii of aamewhat fodbta mineiwla, 
w we ain g be done at a low tempmrntoiw l» a?oid olottlqg 1 
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anenie and solphur bebg with difficulty bnrnt off from the dotted 
mineniL A low temperature, however, favours the formation of 
sulphates ; and these (if not removed) would reappear in a subee- 
qtient reduction as sulphides. These sulphates may be decomposed 
by a higher temperature towards the end of the operation ; their 
removal is rendered more certain by rubbing up the calx with 
some culm and re-roasting, or by strongly heating the calx after the 
addition of solid ammonic carbonate. In roasting operations, as 
large a surface of the substance os possible should be exposed to the 
air. If done in a crucible, the crucible should be of the Cornish 
type, short and open, not long and narrow. For calcinations, 
rvatting dishea are useful : these' are broad and shallow, notunlike 
saucers, but ungkzed. In those coses in which the products of 
the roosting are liquid at the temperature used, a scorifier (fig* 38) 
is suitable if it is desir ed to keep the liquid ; but if the liquid isb^ 
drained off as quickly as it is formed, a cupd (hg. 5) should be uaed. 
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A scorifler is essentially a roasting dish sufficiently thick to resist, 
for a time, the corrosive action of the fused metallic oxides it is to 
contain. The essential property of a cupel u*, that it is sufficiently 
porous to allow the fused oxide to drain into it os fast as it is 
formed. It should be large enough to absorb the whole of the 
liquid ; and of oourso must l>e made of a material upon which the 
liquid has no oorrosivo action. Cupels do not bear transport 
well ; hence the aasayer genenilly has to make them, or to super- 
vise their making. A quantity of Ixme ash is carefully mixed with 
water so that no lumps are formed, and the mixture is then 
worked up by rubbing between the hands. The bone ash is suf- 
ficiently wet when its cohesion Ls such that it can be pressed into a 
lump, and*yet bo easily crumblcKl into powder. Cupel moulds should 
be purohaaed. They are generally made of turned iron or brass. 
They oonsiat of thi 4 e parts (1) a hollow (^linder ; (a) a disc of 
met^ lb 8nd (3) a piston for oompressing the bone and shaping 
the top of the cupel. The di^ forms a false bottom for the 
cylindff. This id put in its place, and the cylinder filled (or nearly 
•0) with the motatened bone ash. The bone ash is then pressed 
into ehi^ with ^ piaton, and the cupel finished with theWp of 
.throe or four smart blows from a mallet. Before removing the 
fnston, tom it half-way round its axis so as to looami and 
VDOoth the faea of the cnpel. Tne cupel fa got outbyprsMiikgiip 
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tie ^ of mete] fonning the false bottom : the ramoral b non 
effected if the mould is somewhat conical, instead of eylia- 
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There are two kiode of furnaces required, tiie "wind” and 
" muffle ” furnace*. These are built of brick, fire-brick, of amree, 
being used for the lining. They are connected with a chimney 
that will provide a good draught. Figure 6 shows a section of the 
wind fomatt, fig. 7 a section of the muffle furnace, and fig, 8 
a general view of a group compriang a muffle and two wind fur- 
naces suitable for genei^ work. 'When in operation, the fur- 
naces are covered with iron-bound tiles. The opening under the 
door of the muffle is closed with a loosely fitting brick. The Qoor 
of the muffle is protected with a layer of bone-ash, which absorbs 
any oxide of le^ that may be acddentally spilt. The fire bars 
should be easily removable. 

Few tools are wanted ; the most important are some cast-iron 
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moulds, tongs (fig. 9), sturers for calcining (fig. 10), and Kght tongs 
of a special form for handling scorifieiu and cupels Silver). 

Fio. la 

The coke used should be of good quality; the formatlofi of a 
fused ash (clinker), in any quantity, causes ceaseless trouble, and 
requires frequent removal. The coke should be broken into lumps 
of a uniform sixa (about 3 in. screws) before being brought into the 
office. The furnace should be well packed by stirring, raising the 
coke and not ramming it, and it should be uniformly heated, not 
hot below and cold above. In hghting a furnace, a start is made 
with wood and charcoal, this readily ignites and sets fire to the 
coke, which of itself does not kindle easily. 

In commencing work, add (if necessary) fresh coke, and mix 
well; makw hollows, and into theae put old crucibles; pack 
around with coke, so that the surface shall bo concave, doping 
upwards fuan the mouths of the crucibles to the sides of the 
furnace^ dose the furnace, and, when uniformly heated, substitute 
for the empty crucibles those which contain the assays. It is 
rarely advisable to^ve a very hot fire at first, because with a 
mdoal heat the gases and steam quietly escape through the un- 
fnssd mass, while with too strong a heat these might make some 
of the matter in the crudUe overflow. Moreover, if the heah 
•hoold be too stronx at first, the flux might melt end ran to the 
bottom of the eradole, leaving the qua^ Ac., sa a pesty mass 
^hove; with a ^tler heat comhination is oomplst^ and the 
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lobieqiient tew heat dmplj melts the fasible eomponnd into 

homogeneous slag. 

The fused material may bo left in the crucible end sepamted 
from it hj breaking when cold. It is generf Ily more convenient 
to pour it into cast-iron moulda. These moulds shoidd be di^ end 
smooth. They act bc^t when warmed and oiled or black-leaded. 

Air entering through the fire-bars of a furnace and ooming in 
contact wititi hot coke combines with it, forming a very b(H mix* 
ture of carbonic acid and nitrogen; tiiU a^tcending, comes in 
contact with more et^ke, and the carlxuiic acid is redticed to car- 
bonic oxide ; at the top of the furnace, or in the flue, the carbonic 
oxide meeting fresli air, combines with the oxygen therein and 
re-forms carbonic add. In the first and third of these re- 
actions, much heat is evolveti ; in the second, the furnace is cooled 
a littla It must always bo remembt*red, that the carbonic oxide 
of the furnace gases is a rcniucing agent. When thcee gases aro 
likely to exert a prejudicial efieet, and a strongly oxidising atmo- 
sphere is r^uiredf the work is bert done in a 
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CHAPTER m. 

WET GBAVIltETBIC KETHODB 

Iff dry ciitayB the mcUl ie almoet alwa3ns separated and weighed 
aa metal ; in gravimetric asaiys the metal is more nsiially 
weighed in the form of a definite compound of known oomposi- 
tioD, The general methods of working resemble those of ordinary 
chemical analysis, and their successful working is greatly helped 
by a knowled^ of, at any rate, those compounds of the metal 
which enable it to be separated, and of those which are the most 
convenient forms in which it can be weighed. But the work dl 
the assayer differs from that of the analyst, inasmuch as the bulk 
of his estimations are made upon material of practically the same 
kind, varying only in richness ; consequently In assaying, it is 
possible (and necessary) to work on such a definite plan as will 
involve (me least amount of labour in weighing and calculating. 

The assayer connected with mining has generally two classes of 
material to deal with : those comparatively rich and those com* 
paratively poor. For example, silver in bullion and in oree; 
copper precipitates or regulus, and cop{>er ores and slags ; and 
black tin ” and tin ores. He is only occasionally called on to assay 
the intermediate products. It is indispensable that he should have 
an approximate knowledge of the substance to be determined. 
With new ores this information is beet got by a qualitative test- 
ing. Knowing that only certain bodies are present, it is evident 
that the number of separations can be reduced, and that simple 
methods can be devis^ for arriving at the results sought for. 
The best method is that which involves the least number of 
8eperati<ma. The reactions must be sharp and complete^ and 
yet not be liable to error under varying conditions. 

To hting the richer and poom materials under the same oondi 
tions for the assay, a small weight, say i gram of the richer, 
i&d a larger weignt (5 or 10 gi'ams) of the poorer, substanoe is 
wei|^ up. A mel^od is then adopted which will concentrate 
whole of the metal (either during or after solution) in a product 
iriiidi need not neoessmy be pure. The work on this product k 
compiiatiTely eaiy. In seperating small quantities ol a substanoe 
bulk oi impuritiea, the group separatioM mmi not 
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*8 A role 1)6 too much relied on. Very large pwdpiUtei owny 
down small quaotities of bodies not belonging to the groun, more 
especially when there is a tendency to form weak double com- 
pounds. The re-dissolving and ro-predpitating of bulky pre- 
cipitates should be avoided. 

When a large number of assays of the same kind have to be 
carried out, a plan something like tlio following in adopted The 
samples, after having been dried, are placed in order on a table at 
the left hand of the ossayer. lie takes the first, marks it with 
a number, samples and weighs up the quantity required, and 
transfers it to a flask, which is similarly markeo. Ab the 
weighings are finished, the samples are placetl in the same order 
on his right band. The assistant takes the flasks in batches of 
four or five at a time to the fume cupboanl, where ho ndtls a 
measured quantity of add. When solution has l>een effected, 
dilution with a measured volume is generally nece^^ry. The 
assayer sees to this and (whiLst the funnels and filters are being 
prepared) makes any se|^nttion that Is necessar)'. The fiUem 
are arranged in order on a rack (fig. 1 1 ), and need not be marked 



nnlen the precipitates or residues liam mihsequently to be dried. 
The filters are wm^hed with hot water, and if the fiUiwtea are 
wanted flasks are placed U^neath, if not, the solution dmineii 
off <k)wn the dnk. Predpiiation or reduction (or whatever it 
may be) is now made ; the asnstant filters the prefwrtd asinplcs, 
one at a time, whilst the a^yer is engaged with the others. Tim 
feme style of work is continued until the asAa^w are completed. 
If one ahonJd be spoiled, it is better to allow it to stand over for 
•assyisf ikmg with the next batch. If cm filieni slowly or U 
in foy way low forward than the rei^ it may teawm the 
accuracy d the other assays, owing to omdaUbn, ke^ it should, 
iberefore, be put on one lude. The aieays ate dealt wbh in 
hatebei of ten or twenty, so that a large quantity of work ou be 
foiekly finished. 

^SHien the amays ate finiihed, it is the duty of the andstant to 
Ml the i^ifniAQe (with te^fen^if beeaiinaiy)^ and to pol the 
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TMsels in tJie place set apart for them. Flasks are best kept 
inverted on a rack, so that they may be diy and dean by the 
next morning. Berlin crucibles must be cleaned and ignited. 

The amount of apparatus employed should be as little as is 
feasible. The assay ^ould be carried out as much as possible in 
the same flask. The bench must be clean, and altogether free 
from apparatus not in actual use. Crucibles and dishes in which 
weighings are made should be marked with numbers or letters ; 
and their weights recorded, together with the date of weighing, 
in a small ledger, which is kept in the drawer of the balance. By 
this means a record of the wear ” of each piece of apparatus is 
obtained, and, what is more important, much weighing is saved, 
and increased confidence is gained. The weight of piece of 
apparatus need not be taken daily. It will be seen from the 
record in the book and a knowle<lge of the use it has been put to 
^how often a checking of the weight is necessary. The entries aro 
made in black lead as follows ; — 

Dish, A. Feb. 3 9.4210 grams. 

5 • • • • • 9'4225 

6 » • . « * 9 - 4 ^ 3 ^ 

7 9*4200 

Platinum vessels and apparatus lose, and porcelain ones slightly 
gain, weight with continued use. 

The spedal details of the work is given under each assay; 
certain general instructions will be given here. 

8olutioiL*->It is not alwa}'s necessary to get the whole of the 
mineral in solution, provided the body sought for is either com- 
pletely dissolved or altogether loft in the re.sidue. It is often only 
by a qualitative examination of the solution (or residue, as the 
case may be) that the ossayer can satisfy himself that it is free 
from the substance sought. But previcxis experience with the 
same kind of ore will show to what extent this testing is neces- 
sary. 

Elution Is generally best eflected in flasks; but where the 
resulting liquid has afterwards to bo evaporated 
to diyness and ignited, evaporating dishes (flg. 

12) are ^ped. With them clock glasses are us^ 
as covers during solution to avoid loss through 
efierveeoence. £vai|)orating dishes are also 
when an insoluble residue has to be collected, 
nnoe it is difficult to wash out most residues from a flask. 
Bumping oocurs less frequently in dishes than in flasks. 

*After the addition the add, and mixing by agitaticm, the 
twmI containing tim sobstauoe is heated. This is hoA dwe 00 
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Um ** boi plate** (fig. 13). Tliia ooi»istfl of a slab of oail Iron 
about half or three-quait^n) of an inch tbickf supported on loose 



fire bricbt, and bentod by two or threo ring burners (figs. 14 and 
15). Tl.. burnetii are connecttHi to the gas supply by means of 
lead tubing, to which they are solderetl. Flasks and dishes after 
being pat on the plate are not further handled until solutioo is 
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complete or the e^poration la eametl to dryneaa. The hot plaU 
is contained in a cu[>buard 1*0 as lo be out of the reach of ouhl 
draughUk 

The action of the adds and other solrenta is desmlied in the 
chapter on H«^agi>ntii. 

I^eoipitation. -In predpiuting arid sufilnent of the reagent 
to comf^vu* the reaction. The student oittat be cm hts guanl 
against adding a rery large esnsM, which is the comuiofwur emir 
In aomo rmdioos the liniidiing point is edmous enough ; either 
no more prtdpitale in forme<l, or a prsdpitaU is oi^|detcly 
disadved, or soma wdl marked odour or ooour Is deWit^ied or 
remoreiL • 

In those oases in which them k no mich imlkntlont Ibsoretkal 
eaoiidsiatioika should keep the use ctf re^nU within maeooabU 
Uniita. The t^uttons of the ri»genU(imKiAUMm) ail fillip 
eliwsorisii per eeoi etrmgih. ▲ Mali mmm 9m 4k* 
Moded l^theofyihottld be sutfidmU. 
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Viltration. — 6oIutioiui are beet filtered hot whenever the assay 
aiio^vs of this being so done. The precipitate should be allowed 
to settle, and the dear liquid decanted on the filter with the aid 
of a glaM rod if neoeesuy. The filter^paper must not be too 
large^ but at the same time it must not be overloaded with the 
pitx'ipitate. There should be ample room for washing. For 
general use three sizes of filterpaper are siidicient. Common 
quick filtering-paper (English) is best for most work in assaying. 
The specially prepaid paper (Swedish or Khenish) is used for 
collecting those precipitates which have to be weighed. The 
papers are fold^ aa shown in fig. i6, and should not project 
above tltt funnel The filter-paper works better if damp^ with 
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hot water. In special casee filtering Ls hastened by means ^ an 
air-pump. The apparatus used consists of a water- jet (fig. 1 7), 
which is oonnected with the tap, as also with a bottle fitted as 
shown in fig. I S. The pump draws the air out from the bottle, 
and atmospheric pressure forces the liquid through the filter- 
paper. The bottom of the funnel is provided with a platinum 



cone, wl||cb supports the filter-paper, and prevents its breaking. 
The pump is only used in exceptional cases ; nearly ail the filtra- 
iions required by tile assayer can bo made without it. The usual 
methods of sappesrting the funnel during filtration are shown in 
fig. 19, Wbeie the filtrate is not wanted, pickle bottles make 
convenient mppenis* After the precipitate has been thrown on 
Uiie filter, it U wwhed. In washing, aeyend washings with a 
mall qnian^tf ^ water ere more ^ective than m few with a 
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lATgor quantity of that floid. The upper edge of the filter*papcr 
li specially liaUe to escape complete washing. Exceedve washmg 
roust be avoided ; the point at which the washing is oomplete is 
found by collecting a little of the filtrate and testing it The 
precipitate is removed from the filter-paper for further treatment 
by opening out the papw and by washing the precipitate with a 
jet of water from a wash^bottie into a beaker, or back through 
ibe funnel into the flask. In some cases^ when the precipitate has 
to be dissolved in anything in which it is readily solume, Nation is 
effected in the filter itself allowing the liquid to run through as it 
is formed. 

Drying and Igniting. — Precipitates, as a rule, require drying 
before being iguited. With small precipitates the filter-paper 
may be opened out, and placed on a warm asbestos ilab till d^; 
or the funnel and the filter with the precipitate is plac^ in a 
warm place, and supported by any oon-' 
venient means. The beat must never 
be sufficient to char the paper. Borne 
precipitates must be dried at a tem- 
perature not higher than too* 0 . These 
are placed in the water-oven (6g. 20), 
and, when apparently dry, they are 
taken from the funnel, pta^ between 
glasses, and then left w the oven till 
they cease to lose weight. Such pre- 
cipitates are collected on tared filters. 
Those precipitates wbicb will stand a 
higher temperature are dried in the 
hot-air oven ai a temperature of from 
ISO* to 150*. Tbedr^gis oontinued 
until they appear to be free from mois- 
ture, and until the precipitate ceases to 
adhere to the filter. In drying sulphides the heat must not be 
raised to the melting point if ^pbur, since, if thm is any free 
sulphur pre^nt, it fuses and filters through. 

Ibe mwipitate, having been dried, is transferred to a watch- 
glaro. The filter-paper is opened out over a sheet cl note- 
pper, and, with a camel-hair brtudi, the precipitate gently 
brought into the glass. Most precipitates come away easily, and 
the transfer can he made without i^parent kes. The watch-glass 
is covered bj the funnel, and the mter-pqier (fdded bto a er- 
rant) held by the tweexers and si^ fire to with the fiame ol a 
Boom bur^. It is allowed to bum ow the mucSb^ Into 
which tiie Uadr bulky aidi is allowed to drop, and two or thiee 
dro^ «l ititcic add are then added. The orodbte Is placed 00 a 
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pipe-stom triangle (fig. 21), supported on a tripod. It is at first 
heated gantl^ with a Bunsen burner, and afterwards more strongly^ 
until the residue is free from carbon. It is 
oooled, and trea^ with any acid necessary 
to convert the duall amount of precipitate 
into the etate in which it is to be weighed ; 
heated again, and cooled. The main pre- 
cipitate is transferred to the crucible, and 
the heating repeated very gently at first, 
but more strongly towards the end of the 
operation. It is next phtced in the muffle, Fie. 21. 
and, after two or three minutes at a red heat, 
it is removed and allowed to cool in the desiccator before weighing. 
This is for bodies that will bear a retl heat ; for those compounds 
that require a lower temperature the heating in the muffle is 
praitted. The muffle used for this purpose must not bo used at 
thtiame time for cupelling ; a gas muffle (fig. 22), such as one of 


Km, 25, 

B 1 etcher* 8 , is best. A desiccator (fig. 23) is an air-tight vessel which 
prevents access of moisture, ic., to the sulistance. Usually the air 
in it is kept dry by means of a basin containing .sulphuric add. 

The crucible is removed from the muffle with the tongs and 
carried to the d^ccator. It is best, in an office, to have a large 
desiccator permanently fixed alongside%he balance, into which all 
tubstancee mAy be put before being weighed. The substance is 
removed from the bench or muffle in the small hand apparatus 
generally sold, and carried to the balance room to be trsuisferrerl 
to the large desiccator, where it is allowed to become thoroughly 
cold before bei^ w^hed. Twenty minutes is generally the time 
allowed after i^tion before it is advisable to weigh. Bodies 
allowed to cool m the air after they have been ignited will absorb 
moisture, and hot bodies placed in the baknoe-pan will disturb 
the equilibrium and show false results. Compounds that abeorb 
most bo weighed quickly; they should, thereforo, bo 




KlO. 23. 




34 


flXl^BOOK OF ASSATINO. 


wii^Md in eover«d vossek Such oompounds ir» detected hf 
theu* oontmuaUj'increasing weight They wboidd be ignited and 
weighed again in a well^covered diab. 

Substanoee that have been washed with alcohol, etho*, or any 
readily volatile liquid are dried in the writer oven. They quickly 
dry if there is no water present, and are generally fit for weigh’ 
ing in leas than one hour. Sometimee diying for a few minutoi 
only will be su^dent. 

The weight of the crucible and precipitate having been obtained, 
the weight of the crudble and ash is deducted ; for example— 

Crucible an ! precipitate . • • * laiSjgmzuL 

Orudble and ash * , • , « 9.537 . 

a6s6 M 


The weight of the ash is beet added to that of the cructblei* 
The amount of ash in filter-papers mu>it not be neglected, although 
papers are now' mnde almo^ free from a>h, utivl the amount to 
be deductetj Ls found by taking eight or ten papers and burning 
them until they become white, and then weighing the ash. The 
amount variiw fn>m 0.004 to 0.0005 gram for ilifTerent paju rn. 
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Having determined ibo ash, place ua iho 
t^olance-diawer three of the filte^napcrs piniu^l 
together, with the weights marked on them in 
the way shown in fig. 24, so as to be rejidily 
w'en when there is occasion to rtder to them. 

It must be remembered that the determination 
of small quantities of sulwUnoea generally in volm 
the use of n’Agent^ which are often contami- 
nated, aa an impurity, with the body sought for. 


Thus, in assaying diver, the oxide of h^nd or metallic lead und is 
rarely free from silver ; and in the case of arsenic, the acids, line of 
ferric chloride are sure to contain arsenic. The same olxsen'ation 


applies to the precipitation of lead by anc, Ac. The errors caUMd 
by these imparitiM are room markeil in the determination of 
material havmg small quantities of metal than in that of orot 
which contain huger quantities. Krront of this tditd are oounte^ 
acted or neutialM by '* Wank " or blind ** det«*mmationa 
UseM oonrist in canying out by the side of and during Che amy s 
dupHeato axperimrat with the reagents oidf , whidi are thealy 
subjected to the same prooesMS of aWuticm, ovaporatios, filtration, 
Ac. final result thus obtained is deducted from that given 
by the avay, the dtflhrence gives the oorrected result. In soma 
esMS, where it is denied or neoein^ to have a ta&gible leiidas 
m |nd|iital<i. wmn jnin mirt miterial 1i liiled 
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CHAPTER IV, 

VOLTTMETEIC ASSAYS, 

Tam liAvie been already described u thoee in which the remit# 
are got by meaiiuriug, either — (i) the volume of&reagent required 
to complete eome reaction, or ( 2 ) the volume of the resulting 
product For example, if a permanganate of potash solution be 
added to a solution contaioin;< a weighed amount of iron, dissolved 
In sulphurio acid, the strong colour of the permanganate of pc^ash 
will be removed until a certain quantity of it has been added. 
Hepearing the experiment, it will U found that the same amount 
of iron decolorises the same volume of the permanganate solution 
within certain narrow limits of variation, known as error of 
experiment" This error is due to variation in the method of 
working and to slight differences in the weighings and measur- 
ings; it it present in all experimental methods, although the 
limits of variation are wider in some than in others. Apart from 
this error of experiment, however, it is certain that a given 
volume of the permanganate of potash solution oorresponds to a 
Mnite weight of iron, so that if either is known the other may 
be calculated. Similarly, if a known weight of zinc (or 
carbonate of lime) be dissolved in hydrochloric acid, a gas will 
he given off which can be measured, and so long as the conditioiiK 
of the experiment do not vary, the same weight of zinc (or of 
carbonate of lime) gives off the same volume of gas. The weight 
of the one can be determined from the \’olume of the other. 

Or, again, the quantity of some substances maybe measured by 
the colour of 4heir solutions, on the principle that, other things 
bebg equal, the colour of a solution depends upon the quanti^ 
of colouring matter present. So that if two solutions the same 
substance^are equally coloured they are of equal strength, lie 
this way an unknown may be omnpared writh a known strength, 
and a fairly aoouitte determination may be made. Thm 
three illustrations serve as types of the three chief da e ww of 
volumetric aaays-— titrometric, gasometric, and oolorimetriA 

Titrometrio AaatTS,— WitlUn the limits of the error of eor 
periment, a dwfinitf volume of a solution or ne represents a catlam 
Wright ai maul or other sttbtftaD4% henoa tha exact weight mif 
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deUrmined by experiment* The error of experiment tokj be 
reduced to insigui^cent dimeo&ionB by repeating the experiment, 
And taking tbe mean of three or four detenuiimtionx. Xhia will 
at the same time show tbe amount of vamtion. Thus, if 0. 5 gram 
of iron were dissolved and found to require 50,3 cubic centimetres 
ol tbe solution of peruiangaimte of potash, and if on repeating, 
50.4, 50.S, and 50.3 C.C. were rtHjUtred,the experimenter would ^ 
justified in saying that 50.3 c.c* of the permangaimte solution ro* 
present 0.5 gram of iron, and that his results wore good within 
0.2 C.C. of Uio permanganate solution. So that if in an unknown 
solution of iron, 50.5 ca:. of the permanganate solution were used 
up, he could state with confidence that it contained a little more than 
0.5 gram of iron. With a larger experience tbe confidence would 
increase, and with practice the experimental error will diminish. 

But suppodng that the unknown solution retjuired, say, 100.5 
instead of 50.5 c.c., ho would not bo justified in sapng that, since 
50.3 ac. are equivalent to 0.5 gram, 100.6 c.c. are equivalent to 
twice that amount ; and tlmt, conse<iuentIy, the unknown solution 
contained a little less than 1 gram of iron ; or, at least, be could 
not say it except he (or some one else) had determined it by 
experiment. But if on dissolving i gram of iron, he found it to 
require 100.6 c.c. of the solution, and in another experiment with 
0.8 gram of iron tliat 80,5 c.c. of the solution were required, he 
would be justified in stating that (As vj" $olutwn rt<quired 

u propcriional to tks quaniit^ of liutal prttcut. There are a large 
number of volumetric assays of which this ts true, but that it u 
true in any porticular case can only be proved by experiment. 
Even where true it U well not to rest Upo much weight upon it, 
and in all caaee the quantity of metal taken, to determine the 
strength of the solution iLsei!, shnuhl nnt differ wiilcly from that 
preeent In tbe assay. There are certiun terms which should be 
explained bera When the solution of a rciigent is applitnl under 
eu^ oonditknie that the volume added can lue correctly determined, 
the operation k called titrating, ** the solution of the reagent 
used the ** standard solutioo,’* and tbe jmjcww of determining the 
itmgUi of the standard solution is standardising.*' The 
** standard ” is the quantity of metal equivalent to 100 c.c; of the 
standard solutioiL ^ 

Standard 8olttUona,^lD making those the lalt is aocoratelr 
Wicked and inuufetred to a litre fiaik, %rr to the graduated 
^rader^ and disK^lved. The method of diaadving it varies in 




rnpestife asMiyt. Oenmily it is diseolved in a quantliv of 
liqnidy and thin diluted to the mark. For thoM nbstatioes that 
Nqpdw tbaaid of lioat» the solutiosi is macto In a pint fia^, ooolod, 
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and tranBferred ; after which the flask 10 well washed oat. After 
dilution, the li^uida in the tneasnring veasel must be thoroughlj 
mix^ by shaking. This is more ea^y and better done in the 
cylinder than in the litre flask. The solution is next transferred 
to a dry Winchester*' bottle and labelled. The label may be 
rendered permanent by waxing it 
Standara solutions should not be kept in a place exposed to 
direct sunlight. Oxidising and reducing solutions, such as those 
of permanganate of potash, ferrous sulphate, iodine, hyposulphite 
of soda, ia, gradually weaken in strength ; the solutions of other 
salts are more stable ; while those of potassium bichromate and 
baric chloride are almost permanent Solutions of potassium per- 
manganate may be kept for a month or so without much change. 
Tlie solutions of hyposulphite of soda and of iodine should be 
.examined weekly. Ferrous sulphate solutions, if acidulated with 
sulphuric acid, may he depended on for two or three weeks 
without fresh standardising. Before flUing the burette, the 
‘^Winchester" bottle should be well shaken and a portion of 
about 50 or 100 c.c. poured into a dry beaker or test-glass. Besides 
the standard solutions, which are required for titrating an assay, 
permanent solutions of the metal or acid of equivalent strength 
are very useful. When the finishing point of a titration has been 
overstepped the assay has been “overdone"), a measured 
volume, say 5 or 10 c.a, of a solution containing the same metal 
may be add^. The titration can then be continued, but more 
cautiously, and the value in “ c.c." for the quantity added bo 
deducted from the final reading. 

Standardising. — Suppose the object is to standardise a solution 
of permon^nate similar to that referred to above. A convenient 
quantity 01 iron (say 0.5 gram) would be weighed out, dissolved in 
dilute sulphuric acid, and the solution titrated. Suppose 49.6 c.c. 
of the permanganate solution are required, then 

49.6 : 0.5 : : 100 : x 

. X = 1.008 gram. 

This result, 1.008 gram, is the standard,’* When a gas is 
measured, the standard may be calculated in the same way. For 
example «with 0.224 of 75-^ obtained. 

Then the quantity pf zinc equivalent to 100 c.c. of the gas is got 
by the proportion, 

75.8 : 0.224 : : 100 : c 

X = 0.29SS gram. 

ITsing the tern ftondard " in this sense, the following rales hola 
good:— 
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To find tike veight of in a given eubetence 
Me tlmdtird by Me nttmier of ae, and divids by too. For 
enn^e: a piece d sine was dissolved and the gas evc^ved 
measaied 73.9 o.ou Then hy the rule, 0.3955 * 75'9 *** 100 should 
give the wmght of the piece of sine. This gives o.s 184 gram. 

To find the percentage of metal in a given substance : — Iftd- 
t^pby Me eta^idord by the number of c.c. uMed and divuU by Me vmghl 
oj eiMitoMce takeru For example : if 2 grams of a mineral were 
takoDi and if on titrating with the permanganate solution 
(standard 1.008) 60.4 c.e. were requiiW, then 1.008 x 60.4 e- e « 
30.44. This is the percentage. 

If the standard is exactly 1 gram, and i gram of ore is always 
tahsn, these calculations U?come very simple. The **c.c," used 
give at onw the percentage, or divided by 100 give the weight 
metal. 

1/ it is desired to have a solution with a standard exactly 
1.0 gram, it is best first to make one rather stronger than this, and 
then to standardise carefully. Divide 1000 by ihe standard thus 
ohlatned and the result will be the number of c.c. which must 
be taken and be diluted with water to i litre. For example; 
**PP^ ^ standard is i.ooS, then 1000+ 1.008 givt>s 992, and 
tf 992 c.c. be taken and diluted with water to 1000 c.0. a ^ution 
of the deeire<l strength will be obtained. Tlie standard of this 
should be confirmed. A simpler calculation for Uie same purpose 
is to multiply the standard by 1000 ; this will give the numbw of 
C.C. to which I litre of the solution should be diluted. In the 
above example a litre should be diluted to looS c.c. 

It has been assumed in these rules that the titration has yielded 
proportional results ; but these are not always obtained. There 
can be no doubt that in any actual re-action the proportion 
between any two re ag*>nU is a fixed one, and that if we double 
one of these then exactly twice as much of the c^her will miter 
into the re-action ; but in the working it may very well be that 
DO re-action at all will take place until after a certain excess of one 
or of hoik of the re agents is present. In titrating lead with a 
chromate of potash solution, for example, it is possible that at 
the end of the titration a smail quantity of the lead may 
remain unacted on ; and it is certain that a small excess of the 
chromate is present in the solution. 80, too, in precipitat- 
ing a solution of silver with a standard fv>]ui^n of common nit, 
a point is reached at which a small quantity of each remains in 
•uiition ; a furthm' addition either of silver or of salt will 
eMM* a pradpitate, and a similar phenomenon has been t^iemrved 
k pitdpitataikg a hydmhlone acid solutkm of a salpbaU with 
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baric chloride. The ezceBs of one or other of the re^agente 
may be large or small ; or, in some cases, they may neutralise each 
other. Considerations like these emphasise the neceesity for 
uniformity in the mode of worki^. Whether a process yields 
proportional results, or not, will l)e seen from a series of 
6UiDdardiKin|s, Having obtained these, the results should be 
arranged as in the table, placing the quantities of utetal used in 
the order of weight iii the first column, the volumes measured in 
the 8e<x>nd, and the standards calculated in the third. If the 
results are proportional, these standards will vary more or less, 
according to the delicacy of the process, but there will be no 
apparent order in the variution. The average of the standards 
gliould then be taken. 


WftrtiA 

Voiant faanA 

BUndini. 

0.2160 gram 

72.9 C.C. 

0.2963 

0.21S5 „ 

73-9 .. 

0-2957 

02305 p 

79-9 » 

0.2959 

0.2440 M 

^ 2-3 H 

0.2964 

0-2555 - 

^■9 » 

0.2974 


Any inciinatioD that may Ijc felt for obtaining an appearance 
of giWer accuracy by ignoring the last result must be resisted. 
For, although it w'ould moke no |!radical difference whether the 
metui standaxtl is taken as 0,2961 or 0.2963, it is well not to 
ignoie the jxjssibility that an error of 0.4 c.c. may arise. A result 
should only he ignoretl when the cause of its variation is known. 
In this series tiie results are projxjrtional, but the range of 
weights (0.216—0.2555 gram) is Kinalt. All processes jdeld fairly 
prt)[)ortion»l results if the quantities vaiy within narrow limits. 

As to results which are not proportional, it is best to take some 
imaginary examples, and then to apply the lesson to an actual one. 
A ^eries of titrations of a ci>pper solution by means of a solution 
of poU.sKic c)'nnide gave the following results : — 



Cjinide OMd. 

Standwl. 

at gram 

119 C.C. 

0.8403 

0.2 « 

33.7 M 

08438 

0.3 . , 

i 35-6 H 

0842(1 

0.4 • 

47-6 „ 

08403 


These are proportional, but by using a larger quantity of acid and 
ammonia in ina work preliminary to titration, we might have had 
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to QM 1 of c^^nide solution more in etoo ease before the 
finishing point was reached The results would then have been : 


Cop[>«f Ukea, 

Qtnide uwd 

SUndud, 

aigram 

13.9 0 , 0 . 


0.2 „ 

24.7 » 

a 8 o 97 

0.3 „ 

36.6 , 

aSi9i 

0.4 « 

45^6 „ 

018330 


It will be noted that the value of the standard increeses with 
the weight of metal uanj; and calculations from the meen 
standard will bo iucorreot. 

subtracting the lowest standardising from the higbest^ e 
third result ia got free from any error commoo to the Other two J 
thus: — 

0.4 gnitij 4S.6 c,c. ‘‘cyanide," 

O-I ,, - 1 2a) ff ff 

03 » ^35 7 » » 

And the standard calculat, <l from this corrected result U 0.8404. 
Further, if 0.3 gnim rtvjuires 35.7 c.c,, then o.i gram should 
retire n.9 c.c,, or ro c.c, less than llmt actually found. 

We may therefore u^e the following rules for working proceasea 
which do not yield pro[»ottional lesults. Make a series of two or 
three titrations, using viiy ditferont quantities of metal in each. 
Subtract the hme^vt of these from the highest, and calculate the 
standard with the rem.ainder. I'aleulnte the volume reejuired by 
this standard in any and tind the excess or deficit, as the 
case may Is?. If sn exre.-vs subtrru t it from the result of each 
titration ; if .1 deticit, add it ; and um) the standard in the usual 
way. The follouing table shows an actual example: — 


OuiJIt ItktiU. 

Cm ftfcUiiMNl. 

Slndad. 

0.0S7 j gram 

i;,S cx. 


at ’,05 „ 

37-.1 « 

04780 

0.1690 „ 

J 5 -» - 

04731 

0,3460 „ 

40-4 » 

5*^5 • 


O.3000 „ 

HO « 



It will la* seen that the standard decrenJiaM as the qtMUlti^*of 
chalk increa,'^ ; itus |*f»infs to a dafiaenry in the quantity <rf gii 
evolved. 
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Then 

0.3000 ■ 64.0 CM. 
0.0873 - 17.8 ^ 


0.2127 * 46 * ft 

end 0.2127 X ioo<{- 46.2 -0.4604. Then, mtjltiplyiiig the weight 
of chelk taken by 100, and dividing by 0.4604, we get the oilcn- 
lated reeulU of toe following table : — 


ChaAUtoi. 

OW fOODd. 

Gu cakoUted. 

DUTetcaM. 

0.0871 i^tani 

17.8 C.C, 

i8,9c.c. 

- 1.1 C.C. 

01305 n 

27.3 « 

2S-3 « 

-I.O „ 

0*690 „ 

35-8 » 

36.7 » 

-0.9 n 

0.1905 « ! 

40.4 .• 

4>-4 N 

1 “10,. 

0.24U) , 

5*‘5 • 

53 4 H i 

-0-9 .. 

0.3000 „ 

64.0 M 

65-1 » 

“I.t H 


By adding i c.c. to the qoantity of gas obtained, and taking 0.4604 
M the standard, the calculated resulU will agree with those found 
with a variation of o.i c.c. When a large number of a^«a}*8 of the 
some kind are being made, thia method of calculation is com 
venient ; when, however, only one or two determinations are in 
question, it is easier to make a couple of standard ising», taking 
quantities as nearly as poerible the same os tL<x! present in the 
assays. 

Sometimes it is necessary to draw up a table which will show, 
without calculation, the weight of substance equivalmt to a given 
volume of gas or of solution. The substance use^l for standard- 
Uing should be, wbene\Tr possdbte, a pure sample of the substance 
to be determined — ^that is, for copper a^iyspun* copper should be 
used, for iron assays pure iron, and so on ; but when UiU cannot 
be got an impure iubsUnce may be used, provided it contains a 
known percentage of the metal, and that the impurities present 
are not such as will interfere with the aoinimcy of the assay. In- 
cluding compounds with these, the standnnl may be calculated by 
multiplying the standard got in the usual way, by the |)ercentage 
of mew in the compound or impure substance, and dividing ^ 
100. If, for esample, the standard 1.00$ gram was obtain^ hy 
using a MtiD{de of iron containing 99.7 per cent, of metal, Um 
oovTMted steward would be i.ooS x 99.7 -i- loo^ 1.005, 

In Totumetrk analnia the change brought about must be one 
In which the end of the reaction is renders pronanent eitbmr by 
n change of ookrar or ly the preasnee or absence of a pred|ufcate. 
If the and of the raaetkm or finishing-pomt la of it^f mbla^ 
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(hen it mnst b« rendered visible by the use of • third ree^ent 
called an iadicator. 

For example, the acU<m of sulphuric odd upon soda results io 
nothing which makes the action conspicuous ; if, however, litmtu 
or phenol phthnJein be added the change from blue to red in the 
first case, or from red to colourless in the second, renders the 
finishing'point evident. Some indicators cannot be added to the 
assay solution without spoiling the result ; in which case portions 
of the assay solution must he withdrawn from time to tune and 
tested. This withdrawal of portions of the assay solution, if 
rashly done, must result in loss ; if, however, the solution is not 
concentrated, and if the portions are only withdrawn towards the 
end of the titration, the lass is vcr\* trilling, and will not show-up 
on the result. The us\tal plan adi>j>tiHi is to have a solution of the 
indicator placed in drops at fnirly njual intervals distributed over 
a dean and dry white |ior«>l:un plate : a drop or two of the solu- 
tion to be test^ is then brought in contact with one of these and 
the efiect noted. An<)t}ior pbn is to hare thin ldotting‘pn|wr, 
moLstenetl with a solution of the iudierUorand dried ; a drop of tlm 
solution to be teste<i pbi'Ctl on this shouts the chamrtcriftic change. 
When the aSKvy solution contains a s?i>i|>endt?d solid whicli inters 
fens with the test, a jirejiaretl (‘overed with an onlinary 
filter- pa per answers verv* well ; a dmp of th« solution to Iw 
hi placed on the filter ]ia{>er, and, hin^ng through, shows its efii^ 
on the paper below. 

Except when otherwi<e stated, all titrations should be made at 
the ordinary tenifM^rtiturr^ ; n>4*!ing. if by hulding the 

fiask under the tap. When a titniti^-n U directed t« Iw made in a 
boiling solution, it l>e rememlsTid that the Hfduthin 

» cold, and that every addition lowers the temperature of the assay. 

On running the solution from the burette mto thoasf^ar, do not 
kt it run down the side of the tlask. If a jM^rtion of the o/wiy 
has to be withdrawn for testing, slLakethe f1a?^k: to ensure mixing, 
and then take out a drop with the ti-st risl ; the negh'ci of ihoN* 
precautions may give a finish ing-point Uio early. ThU is gonerally 
indicated by a sudden finL^h, in which case on shaking the flask 
and again testing no reartinn isgr 4 . Do not remove the drop on 
the point of the burette with the test-rorl ; let it reiua^ where 
tt is or drop it into the s/>!ution by carefully opening the clip. 

Generally the methmhi of working are as foUows 

(l) t^ 0 ^ni$Mnp pmnt (m a cknnge ej enfewr Mi 

rts stdiilum,-—Increase the bulk of the assay up to from too to 
150 c.e. with water. Boil or cool, m the case may be. Run in 
the lUndafd sDlation from a burette speedily, until the re agent 
appian to hive a slower ictioQ, and sWt or stir aU the Uma 
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film nm i aa or >o at a time, Btill ftlirring, and finally add dropa 
until the colour chan^ is got. 

(a) Whim an cnUtde^ndicalor it^uied.—Tonr tbe standard 
•olution trtm a burette into tbe assay until 5 cn* 6 (u:. from tiie 
finishing'pouit ; then run in 1 c.c. at a time (stirring and testing 
on tbe pli^ brtween each) until the indicator shows tbe change 
wantedt and deduct 0.5 c.e. for excess. VVben greater accuracy k 
•ought for a duplicate assay is made. In this case the standiurd 
solution k run in close up to tbe end, and the operation is finished 
off with a few dn^ at a time. 

(3) Wker 6 the depends upon the ahionee of a pro* 

ti/ piiai* cmd no imUids^ndioator u uitd.—M in tbe last case, run 
ijQ tiie standard solution up to within a few c.e. of the end, then 
run in 1 (Mt at a time until a precipitate is no longer formed, but 
here z.5 c.c, must be deducted for excess, since it is evident that 
tbe whole of the last ** must hare been, and a portion of tbe 
previous one may have been, in excess. 

Indiraot Titration.— Tbe action of permangazzate of potash 
upon a ferrous solution is one of oxidation, hence it is evident 
that if any other oxidising agent is present it will count as per- 
manganate. Id such a case tbe titration can be used (indirectly) 
to eitimate the quantity of such oxidising agent, by determining 
how much lem of the permanganate is used. For example, 
suppose that 1 gram of iron dissolved in sulphunc add requires 
joo e.c. of sUUDMrd permanganate to fully oxidise it, but that the 
same amount of iron only requires 35.6 c.c. of the same standard 
permanganate if it has been previo\isIy heated with 0.5 gram of 
bltck oxide of manganese. Hone it is ed<lent that 0.5 gram of 
black oxide does the work of 64.4 c.c.* of the permanganate solu- 
tion, and that these quantities are equi\*nJent ; moreover, if 64.40.0. 
oorrsepond with 0.5 gram, then 100 c.c. comsspnd with 0.7764 
which is thestandaid. On theoretical grounds, and by a method 
calculation which will bo explained further on (under the heading 
'^Oalcuiations from Formula*'*), it can be found that if the standard 
for iron k i gram, that for the black oxide will l>e 0.7764 gram. 

The {windples of these indirect tHration.*^ Ijecome dearer wh^ 
expressed in a condensed form. Thus, in the example selected, 
and uskzg the formula! Fo=Iron, KMnO^~ permanganate of 
potash, and MnO, « oxide of manganese, we have 
(t) I giiffi Fs s too C.C. KMnO, 

(a) t gran Fe a35.6c.c. KMdO,+o.s gia^n 

iOO«AKMnO,» 356 <*~<i*KMDO^>j-asgra»MnO, 

(too->35.A} c.e. KMoOtBias gram Md<^ 

«44 e.e. KMaOt»a5 gram 


too - 3j,6 m 644. 
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Ute iron do66 not enter into the calculation if the eazne qna&ti^ 
k preset is the two experiments 
An m(iirect titration thus requires three determinations, hut if 
more than one assay is to be carried on, two of these need not be 
repeated. The standard is calculated in the nsual way. 

Colorimetrio Assays.^These are assays in which the colour 
imparted U> a solution by some compound of the metal to be 
determined is taken advanta^ of ; the depth of colour depending 
on the quantity of metal present. They are generally used 
for the determination of such small quantities as are too minute 
to be weighed The method of working is as follows : — A mea* 
sured portion of the assay solution (generally J, i, or J of the 
whole), coloured by the substance to be estimated, is pla^ in a 
white glass cylinder standing on a sheet of white pnp^ or glazed 
porcelain. Into an exactly simUar cylinder is pla^ the same 
amount of re^agents, Ac., as the portion of the assay solution 
contains, and then water U added until the solutions are of nearly 
equal bulk. Next, a standard solution of the metal being esti- 
mated U run in from a burette, the mixture being stirred after 
each addition until the colour approaches that of the assay. The 
bulk of the two solutions U equalised by adding water. Then 
more standard solution is added until the tints are very nearly 
alike. Next, the amount added is read off from the burette, stiU 
more is poured in until the colour hi slightly darker than that 
ci the assay, and the burette read off again. Tbe mean of the 
reailings is taken, and gives the quantity of metal added. It 
equals the quantity of metal in tbe portion of the assay. If this 
portion was one-li^f of the whole, multiply by two ; if one-third, 
multiply by three, and so on. When the quantity of metal in 
very dilute solutions u to be detemiined, it is sometimes neoesmiry 
h^conceninitc the solutious by lioiting them dawn before applying 
tbe re-agent which pircKlucw the odoured compound, Su^ con- 
centration dcHw not atfect tlie lalrulations, 

Oaaomotric Assays. - ( tasometric methods are not much usod 
by aseayei's. and, tberi-foit*, thtisi; students who wish to-siudyUiem 
more fully than the limits of this work will permit, are return- 
mended to conHult WirjkliT and LungeV text l»ook on the suhjfvt. 
Tbe methcKis are wit bout d»>ubt cariuhle of a more extendethapplim- 
tioD. In tn«isuiing liquids, oniinar)* variations of Wmjierature 
have but bttJe edri-i, ami variations of aimopberic prsnsure have 
none at aU, whereas with gases it ri dilfmnt. Thttl^ lOO c.c. of 
•n ordinary aqueous solution would, if hoatcsl from lo* 0- to ao* C., 
expand to about 100.15 loo c.c. of a gaa similarly warmfsi 
would ape&d to about 103.5 and a fall of an inch in Urn 
baiuoMAerwouHhave a vefyeimitar And k BMWuring 
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gasee we have not only to take into account variations in volume 
due to ohan^ in tempemture and atmospheric pressure, but 
also that which is observed when a gas is measured wet and dry. 
Water ^ves off vapour at all temperatures, but the amount of 
vapour is larger as the tempeiutui e increases. 

By ignoring these considerations, errors of 3 or 4 per cent 
are easily made ; but, fortunately, the corrections are simple, wid 
it is easy to construct a piece of apparatus by means of which they 
may be reduced to a simple calculation by the rule of three. 

The volume of a gas is, in practice, usually reduced to that 
which it would be at a tempei-ature of o* C., when the column of 
mercury in the barometer is 760 mm. high. But. although con- 
venient, practice is not always necassary. The only thing 
required is some way of checking the variations in volume, and 
of calculating what the corrected volume would be under ceitain 
Bxed conditions. 

Suppose that at tho time a series of standardLsings is bein» 
made, 100 c.c. of air were confined in a graduated tube over mohS 
mercury. These 100 c.c. would v:uy in volume from day to day, 
but it w'ould always be true of them that they would measure 
too c.c. under the same conditions as those under which the 
standardisings were made. If, then, in making an actual assay, 
35.4 c.c. of gas were obtained, and the air in the tube measuroi 
105 C.C., we should he justified in saying, that if the conditions had 
been those of tho standardising, the 105 c.c. would have measured 
100 C.C., and the 35,4 c.c. would Imve been 33.7 ; for 105 ; 100 : ; 
35-4 • 33 * 7 ‘ **ule for using .such a pit-oe of apparatus for 

correcting volumt*8 is Vti c,o. 0/ gnt hg 100, 

aiui divuU 6y Oie numh^-r oj c.c. of a\T tn Me 
If it is dosiretl to calculate the volumes under standai'd condi- 
tions (that is, the gas diy, at 0* (\ and 760 mm. barometric 
pressure) the calculations are esisily performed, hut the tempera- 
ture and preesure must Ijo ktiow n, 

^Ccjfntciim for Moisture. -The “ \*apour tension " of water baa 
been accurately determined for \*arious temf>eraturea. and it 
^y be lookeu ujK)ri as oouutenicting the l^rometrio pm«ura 
For example, at 15* C. the raj^our tension equals 12.7 millimetrea 
of mercury; if the Ijarometer stood at 750 mm,, the correction 
would be ma<ld by aubtrarting r2.7 from 750, and 
737’3 to be the true barometric pressure, 

^0 vapour tmkms for temperatures from 0* C. to 20* C. are 
M fdbvi>^ 
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m 

Tmdtm. 

Twia 

iwtaoo. 

Ti«a 

Twirioa 

in 

4.6 mnu 


7.5 mm. 

14* 

11.9 msk 

[■a 

4,9 mou 

r 

8,0 mm. 

*§! 

12.7 mm. 

*• 

5.3 mm. 

9’ 

86 mm. 

l6* 

23.S mm. 

3‘ 

5,7 mm. 

10* 

9.2 mm. 

't 

144 moi. 

? 

&i mm. 

n" 

9.8 mtn. 

i8* 

I IC3 mm. 

5* 

6.5 mm. 

J2* 

105 mm. 

19* 

1 16.3 mm. 

6* 

7,0 mm. 

13' 

1 1.2 mm. 

ao' 

! 174 msa 


The wrr^ion f<rr prtmtrt is Multiply the volume by the 
Actual pressure and divide by 76a 

The corrtiAion far UmytraUirt : — Multiply the volume by *73 
and divide by the temperatuie (in degrees Centigrade) added to 
* 73 ' 

For aD three corrections the following rules hold good. 7 b 
ftduce to o* C. and 760 mm. dry. 

Volume X 0,3592 X (Pressure— tenaitm) 

Corrected volume a — « . - 

Temperataro + 273 

To find the volume, which a given volume under standard 
ooDditions would assume, if thc^ conditions are altered. 

V’'olumo X 2,784 x^Teroperature+ 273) 
K«ulting volume- TPreaSj-teueioi 


As an example, we will jsuppos© that it is desired to enclose in 
the apparatus referred to on p. 45, a in>tume of air, w h, when 
dry (at o* C. and 760 mm.}, shall measure 100 CvC,, while actual 
temperature is 15* C., and the prenture 750 mm. 
lie aeoond formula is the one to be u^, and we get 208.7 ^ 


Bequired volume » 


100 C.C. X 2,78 4 X aSS 
750712:7 


8 0179.2 

IstT 


108.7 
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CHAPTER V. 

WBXOHING AITD ICEASUBIITO. 

Weighing. — ^Tbe system of weight* and measures which w« 
cave adopted is the French or metric system ; in this the gram 
((5.43 grains) is the unit of weight; the only other weight 
frequently referred to is the milligram, wliich is 0.001, or 
gram. The unit of volume is the cubic centimetre, which id 
approziiDately the volume of i gram of water, and which thus 
tears to the gram the same rolation as grain -measures bear to 
grains. It is usual to write and even pronounce cubic centimetre 
shortly as C.C., and the only other denomination of volume we shall 
have occmdoD to use is the ** litre,*’ which measures 1000 C.C., and 
is roughly i J pints. 

The weights used are kept in boies in a definite order, so that 
the weight* on the balance can be counted as well by noting those 
which ore alwent frein tlie box as by counting those present on the 
scale-pan. The weights run 50, 30, 10, 10, 5, 2, i, i and i grams, 
aiui are formed of brass. The fractions of the gram are generally 
made of platinum or of aluminium, and are arranged in the 
following order:— 0,5, 0.2, o.i, o.i, and 0.05, 0.02, o.oi, 0.01. 
Tliese may be marked in this way, or they may be marked 500, 
200, 100, too, 50, 20, 10, 10 ; the 500 mejining 500 miiligrains. 

Some makers wend out weights in the series 50, 20, 20, 10, Ax 

Weights of loss tlian 0.0 1 gram are geneiully present in a box, 
but it is much more convenient to work with a lider. This is a 
piece of wire which in the pfin wdglis 0.0 1 gram ; it is made in 
such a form .that it will ride on the beam, and its effective weight 
decreases as it approaches the centre. If the arm of the beam is 
divided into tont^ then oach tenth counting from the centre 
uutwardjSQuals 0.001 gram or 1 milligram, and if these tenths be 
fiuther suMividod the fractions of a milligram are obcain^; 
and these give figures in the fourth place of dedmala A fairly 
good balance should be sensitive to 0.0001 gnm. The weights 
must never be touched with the fingers and the foraps for 
moving them is need for no other puipoee. When not in actnal 
nee the box it kept ftl o ted, The wmghtt mmt not be allowed to 
iwnaia on the pnn of the balance, llie bolancxHxwe must not be 
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op«a without aozno reason. It must be fijced level, an<l| once fixed, 
must not be needlet^j^l/ moved. The bench on which it stands 
should be used for no other purpose, and no one should be allowed 
to lean upon it. 

When using a balance sit directly in front of it. Ordinarily 
the substance to be w cighed is best put on the pan to the user s 
left; the weights and the rider ore then easily manipulated. 

Powder?, iVc., should not be weighed 
directly on the balance ; a counter* 
poised watch-glass or metal scoop 
(fig. 35) should be used. In some 
Flo. 35. cases it is advisable to use a weigh- 

ing-bottle. This is a light, well- 
stoppered bottle (fig. 3) containing the powdered ore. It is 
first filled and wtMglteti ; then some of the substance is care- 
fully poured from it into a beaker or other vessel, and it is 
weighed again; the difference in the two weighings gives the 
weight of substano* taken. A substance must always be cold 
when wei^'hcil, and largo gla.ss vessels should bo alloweti to stand 
in the balance box a little while before being weighed. Always 
have the balance* at rest when putting on or taking off anything 
from the pans. Put the weights on systematically. In using the 
rider (except you have a reason to the coni 1107), put it on at the 
5; if this i.s too much, then try it at the 3 ; if then the weights 
are too little, try at the 4 , if still not enough, the correct weight 
must 1)0 bc'tween the 4 and 5 ; try half-way between. 

It w best to work with the balance vibrating ; equilibrium is 
estahluhed when the vibration to the loft is the mean of the 
preceding and suecee^ling vibrations to the right. For example, if 
it vibrates 6 divisions to the right on ono swing, and 5 divihiuna 
on the next, the interme<iiate vibration to the left should have 
been 5 1. 

Note wljether the substance incrra,«es In weight whilst on the 
baUnce. If it does it may l)e Vieeause it was put on warm, and is 
cooling, or it may be beraiwe it Is taking up moisture from the 
air, Hiihstances which take up moisture rapidly should Iw 
weighed in clipped watch-glasses or in light- weighing bottlea or 
tulsw. 

Students, in recording the weights, should first read 6ff thoee 
mhwing from the box, writing down each oiximr of figorea aa 
determined ; first tent, then unita, and to on. R^emMr that 
the first four platinum weights give the figures of the first place of 
dedmals, the second four give the second place, and that the third 
and fotaib places are given by the rider, liavijig taken down Uie 
figures, eensm ihem by reading off the weights ai yoa put tboia 
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hack into the box. Do not rest a weig!it oa the palm of your 
hand for oonvenienco in reading the imirk upon it. Remember 
one weight loBt from a box sprjiLs the set. Do not take it for 
granted that the balance is in equilibrium before you start 
weighing : tiy it. 

Measures Liquids.— For coarse work, such as measurine 
acids for dissolving ores, graduated glasses similar 
to those used by druggists may be usotl. It is 
well to have two sizes— a smaller gnuiuaU^i into 
divisions of 5 c.c. (fig. 26), and a larger with divi- 
sions equal to 10 c.c. No measurement of im- 
portance should be made in a vessel of this kind, 
as a slight variation in level causes a serious error. 

Graduated fiaaks must be used \vlien anythin^ 
has to be miule up to a definite Imlk, or when a 
fixed volume has to be collecteil. If, for exainj.le, 
a certain weight of 6ul)stanre has to Ijc dk'iolveii 


Kio. 2^ 


and diluted to a litre, or if the first 50 e.e. of a distillate has to be 
coined, a flask should be used. I‘:;ich lla^k is gnulnated for one 
particular quantity ; the most useful sizes are rooo c.c., 500 c.c., 
200 C.C., 100 C.C., and 50 c.c. The mark .‘should be in the narrowest 
part of the nock, and should be tangential to the curved surface 
of the liquid when the flask the exact volume s|x»cifie<i. 

Tiie level of a curved surface of liquid is at first somewhat difficult 
to read : the beginner ia in doubt whether the surface should be 
taken at a, b, or c (fig. a 7)-^ It w to take the lowest retailing 
c. In some lights it is difficult to find tliis; in such cases a 
pieoe of white pap,>r or card held behind and a little below, go as 
to throw light up and against the 
curved surface, will render it 
clear. In reading, one should 
look neither up at nor down 
upon the surface, but the eye 
should be on the same level with 
it. It must^ bo kept in mind 
that flasks conttin the quantity 
sn^ified, but deliver less than 
this by the amount remaining 

the sid(«. 

If it is dt'jiiirtfHl to transfer the * 7 ’ ^ 

contents say of a 100 o,e. flask to a beaker, it will be necossarj tc 
complete the transfer by rinsing out the flask and oxlding the wash- 
JJgi ; otherwise the^ will be a sensible loss. Graduated (^lindeia 
are convenient for preparing standard solutions* 
?iP6ttie and burettes are gradui^ to ddivtt ^e quantiUes 

0 
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specified. Hie principle of the pipette, and tbs advaotagee and 
(tiadvanUgea of its vurious fonns, may be utideretood by cod- 
gidering the first form shown in 39. It is eissentiully a bulbed 
tulie drawn out to a jet at its lower 
end, iiud haring on each ride of the 
bulb a mark so placed that when 
the surface of the liquid falls from 
the upper to the lower mark the 
instrument shall deliver exactly 
100 c.c. The boro of the jet should 
be of such a size as will allow tbe 
level of the liquid to fall at tbe rate 
of aliout one foot in two minutes, 
if it runs moio quickly than this, 
an ap[>reciahle envr arises from the 
varying amount of liquid remain- 
ing, and damping tho rides of the 
bulb. Tbe tlow of liquid from a 
pipette most not be hastened by blowing into it. The lower tube 
or nose of tbe pif^dte should Ihj long enough to reach into tho fjottle 
or flask containing the liquid shout to be measured. The pipette 
is filled by sucking at the open end wirh the mouth ; tins methml 
oS filling renders tho use of tho in.stniment clangorous for such 
Hquids as strong acids, ammonia, arid such poisonou.*! solutions at 
that of pota.ssic cyanide. One attempt with a fairly strong ^snlu- 
tion of ammonia will teach the hN^ginner a very UMdul lesson. An 
soon as the liquid rises above the upper mark in tbe pipette, the 
mouth is withdrawn, and the pipette quickly dos*?d by pressing 
the upper aperture with the index finger of the right hand ; it is 
well to have tho finger slightly moist, but not damp. The n^ of 
the pipette should he long enough to allow iu l^eing firmly grasped 
by the fingers and thumb of tbo right hand without inoonvenienoe. 
The pi|»tte is first held in a vertical t)osition long enough to allow 
any moisture outside the tube to run down, and then tbe liquid is 
allowed to run <mt to the level of the upper mark ; ^is is easily 
effected by lessening the pressure. If the finger is wet, the flow 
will be jerky, and good work impossible. The pipette is next heM 
over the vessel into which the too c,c. are to be put, and the liquid 
aflowed to mn out. When the bulb is nearly empty, the flow 
ihodd be checked by replacing the finger, ajid the liquid allowed 
to eMa^ slowly until the lower mark is reached. Hie fnpette is 
then withdrawn ; it is in the withdrawing tlmt the disadvantage 
cl this partieolar fenn * makes iUelf felt. It must be withdrawn 

* it b best to PSMt this form with a glam siimcook, or with an 
liibbv tao* aiu e^ iiW tbe manner of s Muhr^s bttrelt% 
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fsrj iteadiljr, u the silgbiest shock causes the remaining oolunm 
of liquid to vibrate, wbereby air is drawxt in and the liquid is forced 
out. 

This disadvantage is got rid of by making the mouth of the jet 
the lower limit, or, in other wordis, allowing the instrument to 
empty itaelf. There are two forms of such pipettes; in the one 
generally recommended in Gay-Lussac'a silver assay (the last 
shown in fig. 39) the nose is replaced by a jet. This is most con- 
veniently filled by stopping the jet with the finger, and allowing 
the liquid to fiow in a fine stream into the neck until the pipette 
is filled, and then working as just described. The other form U 
the one in general use ; in fact, a long nose to a pipette is so 
convenient tlmt it may almost be said to be necessiiry. But the 
accuracy is slightly diminished ; a long narrow tube makes a poor 
measuring instrument because of the amount of liquid it fi^lly 
retains. A defect {jossessed by both forms is the retention of a 
drop of varying size in the nozzle. Whatever method is adopted 
for removing this drop must be always adhered to. The most 
convenient form is the one last described, and the most useful 
sizes are too c.c., 50C.C., so c.c., 10 c.c.,and 5 c.c. Ten c.c. pipettes 
graditated into tentlis of a cubic centimetre are very useful : those 
are l^est in which the graduation stops short of the bottom. 

All measurements should be made at the ordinary temperature; 
and, before being us<Hi, the pipette should be rinsed out with a 
cubic centimetre or so of the solution to be measured. After 
using, it should l>e washed out with water. 

Borettea dilfcr mainly from pipettes in ha\nng the flow of 
liquid controlled from Ijelow instea<l of from above. Tlje beet 
form is that known as Mohr's, one kind of w hich is provided with 
a glass stopcock, while the other has a piece of india-rubber tube 
compressed by a dip. The Litter cannot ho used for solutions of 
permanganate of ;x>ta<^h or of iodine, or of any substance which 
acts on india-rublH?r ; but in other rvji|iccts there is little to choose 
between the tw*o kinds. A burette delivering 100 c.c., and 
graduated in|o fifths (*.«., each diviKiotj =; o.a c.c.), U a very conve- 
nient iise. For some kinds of work, 50 c.c. divided into tonthf 
(t.e., each division 0,1 (*,c.) may he seleetoih 

Buret^ may be fitted in any convenient stand; they must bo 
vertical and should be so plac^ that the assarer can road any 
part of the graduated scale without straining. When not in use, 
they should bo kept full of water. W^ben using a burette, the 
water must be run out ; the burette is next rinsed with some of 
the solution to be used, and drained ; and then it is filled with the 
^utkm. Next squeexo the india-rubber tube so as to disentangle 
si^bubhl•• and, bij loarUy opening the clip, allow the tube •mi 
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jet to be filled \ see that no bubbles of air are left. Then run out 
oAutioualjr until the level of the liquid in the burette stands at 
»ero. In rending the level with very dark coloured liquids it is 
convenient to rend from the level a (%. 37), and, j)rovided it is don< 
tn each reading, there is no objection to this. The accuracy of the 
reading df a barette is sensibly increnseil l\v tlie use of a« Krdmann 
Boat, This is an elongated bulb, weightwi with mercurj’, and fitting 
(somewbat loosely) the tube of the buivtte. It llotitsin the solution, 
and is marked with a horizontal line ; this hue is token as tho level 
of the liquid. If the burette is filled fn>m tho top, tho lloat rist« 
•rith aggravating alowuess, and this is its chief dlsndvautiige. The 
fioiU must come to rest before any read- 
ing Is made. 

A convenient plan for filling a burette 
fi-oni l)elow i.s bijown in fig. 30. The 
diagram explains it.self. Tho IxHtIo con- 
taining the sUindart] solution is connected 
with tho burette by a syphon arningo- 
ment through the glass tube and T' piece. 
Tho fiowof liquid into the Imretto is con- 
trol h^d by the clip. When this clip is 
optuunl, the burette fills; and when it is 
cIohmI, the bundle is ready for use in 
the ordinary way. 

Measuring Qaaoa. -Lunges nitnv 
meter (fig- 69) is a very orinvenient in- 
strument for many gawimetric metluMlH. 
It requires the use of a fair quantity td 
mercury. In fig. 31, there is a repii^ 
sentation of a piei'e of ap|>aratus m-tily 
uj> from the ordinaiy material of a 
lalj«jrstrjn*. It is ono which will sene 
some useful pur|xi«<es. It consists of a 
wide moutiu^i Udtlo fittoil (by prefer- 
ence) with a rubber txuk. The cork is 
perforaie<l. and in the j*erforation is 
place«l a gtaxs tul)e which oommunii'ut^w 
with the burette. The burett^ is <v»n 
nectt?d by a rubier tulse and a Y 
either with another burette or with a 
piece of onlinary combustion-tulio of 
alyout the same size. Hie whle- mouthed 
bottle (xmtaina cither a short test-tulie ot 
■i crduiiy phial with tta neck cut off. In worldtig the apparatus 
Ihe w^^had suhetaiMe ai put in the bottle ead the re-egetit which 
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is to act on it, in the test-tube; the cork is then inserted. The 
liquid in tho two burettes is next brought to the same level, either 
hy pouring it in at a or running it out 
at B. The level of the liquid in the appa- 
ratus for correcting variiition in volume 
is then read and noted. Next, after 
seeing that the level of the liquid in the 
buifltte 1ms not changed, turn the bottle 
over on its side so that the re agent in 
tlie test-tube sluill be upset into the 
bottle. Then, as the volume of the gas 
increases, lower the liquid in the burette 
by nmning it out at b, and at the same 
time keep the level in a half an inch or 
so lower than that in the burette. When 
the action has finished bring the liquid 
in the two vesseb to the same level and 
rend olT the burette, Tliis part of the 
work uitLst always be done in the same 
umnner. 3^- 

The ccrrector for gas anahjgis is a graduated glass tube 

of 1 20 c,c. capacity invei*ted over a narrow glass cylinder of mer- 
cur)'. It contiins 0,2 or 0.3 c.c. of water and a volume of air, which, 
if diy' and under standard conditions, would measure 100 c.c. The 
actual volume varies from day to day, and is read ofiT at any time 
by bringing the mercury inside and outside to the same level, Hiia 
is done by raising or lowering the tul)c, as may be required. Any 
volume of gas obtained in an ass:iy can be corrected to standard 
tomperattire and pressure by multiplying by 100 and dividing by 
the number of c.c. in the oorrector at the time the assay ia mLle. 
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BS AOEITTS.— AGIOS, ETa 

Aoetio Acid, 11 Ac or C,U^O,, /sp. gr. 1.044, containing 33 per 
cent red — An organic ada, forming a claaa of odta, noetatoa, 

which are for the most part soluble in water, and which, on 
Ignition, leave the oxide or carbonate of the metal It ia almoet 
iJways u^ed in tlioee cases where mineral ocitla are objectionable. 
To convert, for example, a wliition of a substance in hydrochlone 
add into a solution of the mme in acetic add, alkali should be 
addetl in excess and then acetic add. Many compounds ore in- 
soluble in acetic acid, which are Holuble in minord adda, such as 
ferric phospliate, ferric arsenate, dne sulphide, caldum oxalate, 
Ac., so that the tise of acetic add is valuable in aomo oeptiniUons. 
The commercial add Ls strong enough for moat purpoees, and U 
need without dilution. 

Aqua Bogia '' is a mixture of 1 part by measure of nitric add 
and 3 parts of hydrochloric add. The adds react forming what 
» piractically a solution of chlorine • The mixture ia best mmie 
when wanted, and is chtdfy used for the solution of gold and 
platumm and for **oj¥*ning up** sulphides. When oolutioos in 
aqua regia are evaporat^si, chlorides are left. 

Bromine, Br. (s[i. gr. 3,0). Practically pure bromine. --It is a 
heavy reddish-brown liquid and very volatile. It boils at 60* C., 
and, consequenth', mu.<t lx? kept in a cool place. It giveaoiTbrown 
irriuting vapours, which render it.s mw very objitctionable. Gene- 
rally it answers the same purp^Ksc as aqua regia, and is employiMl 
where the addition of nilric add to a solution Itas to* be apedally 
avoided. It » also used for diaaolving ineUls only from orvs 
whkh contain metallic oddes not d^tinxl in the solution. 

** Bromina Water ia dinply bromine ahaken up o^th water 
till no more is dWlved. 

Carbtmia Add, A heavy gas, nomewbat soluble in water ; 
it m maioly uswl for providing an atmosphere in which snbstancce 
may be diowlved, titrated, Ac., without fear of oxulatton. It is 
alee oaed ia titrating anemic aosayi with “ todiine” when a feeble acid 


* 3HCI 4 HNO» » Oi 4 NOa 4 tRA 
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U x«qQii^ ^ pment the abeorption of iodine hy the alkaline ouv 
bonate. It is prepared when wanted in solution, hy adding a gram 
or BO of bicarbonate of soda and then os much acid as will decompose 
the Hcarbonate mentioned. AVlicn a quantity of the gas is wanted, 
it is prepared, in an apparatus like that used for sulphuretted 
hydrogen, by acting on fragments of marble or limestone with 
dilute hydrochloric ^d. 

Citric Acid (U,t'i or C,ir|0,.H,0) is an organic acid which 
occurs in colourless crystals, soluble in less than their weight of 
water. The solution muKt be freshly prepared, as it get* mouldy 
when kept. It forma a comparatively unimportant class of salte 
(citrates). It is used in the detennination of phosphoric acid, 
chiefly fw the purjx»se of preventing the precipitation of phos- 
plmtee of iron and alumina by ammonia, and in a few similar 
cases. The commercial cTj'stals are used ; they should be free 
from sulphuric acid and leave no ash on ignition. 

Hydrochloric Acid, HCl in water, (sp.gr. i.i 6 . It contains 
32 per cent, of hydrogen chloride).— It is sometimes called 
“muriatic acid,** and when impure, “spirit of salt.” The acid 
solution should he colourless and free from amnic, iron, and sul- 
phuric acid. It forms an imj>ortant family of salts, the chlorides. 
It is the best arid for dissolving meullic o-rides and carbonates, 
and is always used by the assayer when oxidising agents are to be 
avoided. Tlte arid is tjsod withotit dilution when no directions 
sre expressly given to dilute it. It has no action on the following 
metals: gold, platimtm, arsenic, and mercury; it very slightly 
attacks antimony, bwmuth, silver, and copper Tin is m<wie 
soluble in it, but with diflicuUy : wliilst iron, zinc, nickel, cobalt, 
cadmium, and aluminium easily disstdve with evolution of hydro- 
gen and the formation of the lower cliloride if the metal forms 
more than one class of salts. All the metallic oxides, except a few 
of the native and rarer oxides, are dissolvetl by it with the forma- 
tion of chloride* of the metal and wr.iter. 

BUota Hydrochloric Acid U ma<te by diluting the stroog 
arid with ai\ equal volume of w^ater. This is used for dissoiving 
precipitates obtained in the general course of analysis and the 
more easily soluble metala 

Hydrofluorio Acid, HR— A solution in water may fae 
purdiam in gutta percha or leail bottles. It is of vamble 
strength and doubUul purity. It mm^^t always be examined 
quantitatively for the residue left on eva|x>mtion. It ia tmed 
oocaaionally for the examination of silicates. It attacks silicai 
forming fiuoride of silitvin, which is a gas. When the introduotiem 
of anower base will not interfere with the assay, the sobsUnoa 
tnay be mixed in the platinum dUh with fiuori^ of ammoniuiai 
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or of potasduiD, w of caldom, and hydrochlono add, instead of 
treatiiig it with tbe commercial add. It is only required in epedal 
voi^. Tbe fumes and acid are dangerous, and, of course, ghss or 
(torcelaio vessels cannot be used with it. 

Iodine, I.-^This can be obtained in commerce quite pore, and 
k often used for standardising. It is very slightly soluble in 
water, but readily dl^Ives in potassium iodide solution. It 
closely resembles (^lorine and bromine in its properties, and can 
be us^ for dissohdng metals without, at the same time, attacking 
any oxide which may be present. It is chieny used as an oxidizing 
agent in volumetric work, being sharp in its reactions and easily 
detected in minute quantities. It cannot be used in alkaline 
solutions, since it reacts with Uie hydPBte.s, and even frith the 
carbonates, to form iodides and iodates. Iodine ia soluble in 
alcobol. 

Nitric Add, HXO,. (Sp. gr. 1.42 ; boiling point lai* 0 . ; con- 
tains 70 per cent, by weight of hydrogen nitrate). — It is con- 
venient to remember that one c.c. of this contains i gram 
of real add. It combines the properties of an add and of an 
oxidising agent. One c c. contains 0.76 gram of oxygen, moat of 
which is very loosely held, and eadly f^iven up to metals and 
other oxidlsable Bul>stanc(». C<>n.^'<]ucutly it will dissolve many 
metals, ^c., upon which bydrtxhtoric add lias no action. AU 
sulphides (that of mercury excepted) ore attacked by it, and for 
the most \^rt rendtit*d Mjluble, It has no action on gold or 
platinum, and ver}' little on aluminium. Tbe strong add at tbe 
onlinary temiK'iutin-e does not act on inm or tin ; and in most 
cases it acts Ix^tUr when diluted. Some nitrates being insoluble 
in nitric add, form a prot«xtiiig coot to the metal which hinders 
further action. Where the stnmg acid does act the action is 
very violent, m> tluat generally it is Mler to use the dilute 
add. When iron has Ix^en immers'd in strong nitric add it not 
only remains unit(t< d on, but a.sstimes a jxtmvi state ; so that if, 
after bemg wiped, it Ls then plait-tl in the dilute add, it will n<A 
dissolve. Tin and antimony are converted into in!<oluble oxides, 
while tbe other metals (with the exception of those already men^ 
tioned) duffiolve as nitrates, During the solution of the metal red 
fnmea are given off, which mainly comdAt of nitrogen peroxide. 
TTie solution is often colnurrtl brown or green Vjecatwe of dissolved 
oxides of nitrogen, which tntist be got rid of by boiling. Generally 
some ammonium nitrate U formed, es|)eda]ly in the cases of dne, 
inm, and tin, when th^ are acted on ty cold dilute add. 
Solpbtir, phosphorus, and arsenic lue converted into sulphuric, 
phosphoric, and ateeoie adds tespecitvely. «hmi boiled with tbe 
flmigadid. 
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Pilate Hitrio Aoid.--Dilate i volame of the 6txx}iig add 
with a of water. 

Oxalic Acid, or (H,C,0^.2H,0.) — This is an organic add 

in colourleaa crystaLi. It form^ a family of salt6->the ozalatea. 
It is used in standardising; being a crystallised and permanent 
add, it can be readily weight. It is also used in separations, many 
t>f the oxalates being insoluble. For general use make a lo per 
cent, solution. Use the commercially pure add. On ignition the 
add should leare no residue. 

Solphoretted Hydrogen. Hydrosulphuric add, SH,. — A 
gas largely used in asaiying, since by ite action it allows of the 
metals being conveniently classed into groups. It is soluble in 
water, this liquid dissolviug at the ordinar)’ temperature about 
three timee its volume of the gas. The solution is only useful for 
testing. In separations, a cuiv 
rent of the gas must always be 
used. It is best prepared in an 
apparatus like that shown in 
fig‘ 32 » hy acting on ferrous sul- 
phide with dilute hydrochloric 
add. When iron has to be 
subsequently determined in the 
assay solution, the gas shnuld l>c 
washed by bubbling it through 
water in the smaller bottle ; but for most purposes washing can 
be dispensed with. Tlio gas is very objectionable, and operations 
with it must be carried out in a cuplK)ard with a goed draught. 
When the predpitation has been completed, the apjKiratus should 
always be washed out. The effect of this add on solutions of the 
metsJs is to form sulphidea. All the metallic stilpiiides are in> 
soluble in water; but some are soluVilo in alkaline, and ^me in 
add, solutions. If sulphuretted hydrogen is passed through an 
add solution containing the metals till no further predpitation 
tdees plac^ a predpiUte will be formed containing sulphides 
insoluble in the add. On filtering, adding ammonia (to rendei 
the filtrate alkaline^, and agam passing the gas, a further prect' 
pitate will be obtained, consisting of sulphides insoluble in an 
alkaline sMution, but not predpitable in an add one ; the filtrate 
may also contain sulphides not predpitable in an add solution, 
which are aoluUe in an alkaline one ; these will be thrown down 
on neutraiising. Again, the metals precipitated in the add solu- 
tion form sol^des which may fae oividM into groups, the one 
oonsistiQg ci those which are solulde, and the othm* of those 
which are not solnUe, in alkaliaa This cUasification is shown in 
Um following sommarj 
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1* PreeipiiahU in an acid iolidim, 

(a) Soluble in Alkalies.— Sulphides of As, Sb, Sn, An, Pt, 
Ir, Mo, Te, and Se, 

(h) Insoluble in Alkaliee. — Sulphidee of Ag, Pl^ Hg, Bi, 
Cu, Cd, Pd, Rh, Os, and Bu. 

s, ^ot precipiiitUd in an acid toliUimf hui ikroam dacn «n an 
aVtaline wia 

Sulphides of Mn, Xn, Ve, Ni, Co, In, Tl, and Ga, 

These can a^rnin be divided into those which are dissolved bj^ 
dilute adiU and thof« which are not. 

3. y<4 preeipitatui in «» acid or otta/irt« Krftrfion, hU thrown 
down on neiUrtili&iny the latter. 

Sulphides of V and W. 

Sulphuretted hydrojjen is a s-trong reducing agent. Ferric 
salU are thereby quickly reduces! to ferrous; in hot solutions 
nitric acid is dec<iinpostHl. These changes are marked by a preci- 
pitation of sulphur, and the .stiulent must 1)0 can'ful to pass the 
gas Rufficiently long, and net be tof) hasty in concluding that no 
sulphide will form InH^uise it does not at once make iteappeartUK'o. 
The bewt indication tlmt it has Wn passed long enough U the 
nnell of the gas in the sidution after shaking, 

Solphurous Acid, H. SO, .—The rcagtmt used may be re- 
garded as a saturated Solution of sulphur dioxide in water It 
may be pun‘hfts*vl, and keeps for a long time. It may be made 
by heating cop|ter with suljduiric acid and passing the gas formed 
into water. The heat ,«;hould be withdrawn w'hen the gas i.s coming 
off freely. It Ls used ius a reducing agent, and should not be 
dilnted. 

Sulphuric Acid, II,SO,. (Sp, gr. 1,84, containing 96 per 
cent, of real acid, 11 , 81 ^) — Tlii.s acid forms insoluble sulphates 
with salts of lead, strontium, and l«irium. It luw a high boiling 
point, 290* C., and, when evaporated with salts of the more 
volatile acids, converts them into sulphates. When nitrates or 
chlorides are objectionable in a solution, evaporation with sul- 
phuric acid removes them. In working with this add caution 
U necessary, since, on mixing with water, groat heat is evolvnl ; 
Mnd, if either the acid or water has been previously heated, a 
furious aeddent may restdt. In diluting the acid it ^ould 1 m 
pourad into cold water. Glass vessels containing boiling sulphuric 
add should be handled os little as possible, and should not 1)6 
rooted under the tan. The action of diluted sul^hurm add on 
Dieiala doscly resemnlea that of dilute hydrochlono add 
Dasram, ahtminlam, iron, xinc, nickel, cobalt, manganese, and 
cedmium dissolve, with evolution of hydrogen, in the cold add 
or when warmed Hie action eff hot and ^ng fulpburio add ii 
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aitiigether di0^9rent ; it acts aa an oxidisiog agent, and is itself 
redooed to aulpbur dioxide or even to sulphar. The following 
metals are att^ked in this way : — copper, bismuth, mercnry, 
silver, antimo^, tin, and lead. Gold, platinum, and arsenic are 
Dot alTected. This property is made use of iu parting silver from 
gold and platinum. Metallic sulphides are similarly attacked; 
but this method of opening up minerals has the disadvantage of 
giving rise to the formation of anhydrous sulphates of iron, d'c., 
wliich are not readily di^Ived when afterwards diluted. The 
use of sulphuric acid in assaying is (for these reasons) to be 
avoided. Its chief use is as a drying agent, since it has a strong 
affinity for water. Air under a bell jar may be kept dry by 
means of a basin of sulpljurio acid, and gases bubbled through it 
are freed from water- vapour. 

Dilute Sulphuric Acid. — This is made by diluting t volume 
of the strong acid with 4 of water. 

Tartaric Acid, H,T or C — A crystallised organic acid, 
soluble in leas than its own weight of water, or in less than three 
parts of alcohol. It Ls used for the same purposes as citric add 
is. The solution is made when required. 

BASES, SALTS, &o. 

Alcohol, CyH, 0 . (Commereial alcohol of sp. gr, o f 3S ; it con- 
‘tins 84 per cent, by weight of aleoiiol.) — It should burn with a 
non-luminous flame and leave no residue. It is used for washing 
precipitates where water is inapplicable, and for facilitating drawing. 

Ammonia, KH,. (Commercial ammonia, a solution having s 
sp. gr. of 088 to 0.89, and containing about 33 per cent, of 
ammonia J — It is used as an alkali (more commonly than soda or 
potash), since an excess of it is easily remove*! by boiling. The 
Balts of ammonium formed by it may be remove<i by igniting, or by 
evaporating in a porcelain dish with an excess of nitric acid. It 
differs in a marked way from soda or potash in its solvent action on 
the oxides ordiydratee of the metals. S-ilts of tlie following metals 
are soluble in an ammoniacal solution in the presence of ammonic 
chloride : — copper, cadmium.silver, nickel, cobalt, manganese, dne, 
magnt^iuin, sodium, potamium, and the alkaline earths. 

Dilute Ammonia is made by diluting i vol. of commercial 
ammonia with 2 of water. The dilute ammonia is always used ; 
but in asiAye for copper a stronger solution (t of strong ammonia 
to I of water) is requited. 

4mmonie Carbonate (Am, CO,) is prepared by dissolving ona 
part of the commermal seequicarboiiate of ammonm in four parts 
sf watoTi and adding ona p^ of stnmg ammoniib 
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Ammonlo Bioarbonat« (HAmCO,) is prepared hy saturating 
a BolaUan of the sesquicarbonate of ammonia with carbon 
dioizide. 

Ammonio Chloride, AmCI.— Use the commercial salt in a 
30 per cent, solution in water. The salt should leave no residue 
on ignition. 

Ammonio Molybdate. — Tlie solution is prepared as follows : 
— IHssolve 100 grams of the powdered coininerciul salt in 3 oo c.c. 
of dilute ammonia, and pour the solution in a slow stream into 
750 c.c. of dilute nitric acid ; make up to i litre, and allow the 
mixture to settle before using. It is used for the purpose of 
separating phosphoric oxide from bases and from other acids, 
and also as a test for phosphates and ai-scnates. In using this 
solution the substance must be dis.solved in nitnc acid, and aeon- 
siderable excess of tlie reagent a<lded (50 c.c. is sufKcient to pre- 
cipitate o. I gram I\Oj) ; whfu the phosphate is in exi*ww no precipi- 
tate will be got. Tfie precipitate i.s phospho molybdate of ammonia. 

Anunoolc Nitrate (AiuXO^) Is used in the sc|»iirAtion of 
phosphoric oxide hy the molylxlate met]io<], and occiudoiudly for 
destroying organic matter. It is soluble* in less tluui iU own 
weight of water. The solution is maiie when w'nnted. 

Anunonic Oxalate (AinjCjO,.2H,(,)) is used chiefly for the 
sepanition of lime. The solution is made by dissolving 15 grams 
of the salt in 100 c.c. td water. 

Ammon ic Sulphide may be purcliaaed in the state of a itrong 
solution. It is yellnw, and contains the disulphide, S,Am^ It 
•erves the same purpose as i.s ohtaine<i by JKl,s^ir^g a current of 
sulphuretted hydrogen thn>ugh at] ammoniacal solution ; but ha.s 
the disadvantage of loading the solution with sulphur, which Ls 
precipitated when the s«>ltttion U suhae({uently juddifled. It is 
useful for dissolving the lower sulphide of tin {SnB). 

Baric Carbonate (IlaCO,) is sometimea uswl for precipitating 
the weaker hoses. It should be prepared when wanted pre- 
dpiuting a solution of baric chloride with aminonic carbonate 
and washing. The moi.st precipitate is used without drying. 

Baric Chloride, BaCl^.iJf/).— A ciysUllised salt, toluble 
in 3 t parte of water. It U use<] for the detection and aepatation 
of sulphates. Make a 10 per f^nt. sohiiinn, * 

** Black Flux.'^^A mixture of flnely divided carboo with 
carbonate of potash or with cnriionatea of potash and aoda. It w 
prepared by heating tartar or ** rocbollo salt until no more 
oombuxtible gas Ls given off. One gram will reduce about t grame 
of lead from litharge. 

Borax, Na^^CLioH^O^lt ii ddefly need m a flux b dry 
ccMyifig, ii alre^r dcierihel It la alM tned ia tea^ befoe* 
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the blowpipe; many metallic oxides impart a characteristic 
colour to a be^ of lx)rax in which they liave been fused. 

Oaloium Chloride.— The crystallised salt is CaCl,,6H,0 ; dried 
at 200 * 0. it become CaC!^2lI,0, and when fused it beromes de- 
hydrated. The fused salt, broken into small lumps, is used for 
drying; gases. It combines with water, giving off much heat ; and 
dissolves in a little more tlian its own weight of water. Strong 
f^>!tition8 may be used in baths in which temficratures above the 
lK>iIing-point of water are required. One piirt of the salt and 2 
of Wiitergive a solution l>oiling at ii2% and a solution of 2 parts 
of the «dt in 1 of water boiis at 158*. The salt is very little 
used as a reagent. 

Calcium ITuorido or “Fluor Spar,** CaF,. — The mineral is 
used ns a flux in dry assaying; it romkrs slags which are thick 
from the presence of pha'iphates, ic., very fluid. l^Iixed with 
hydrochloric acid it may sometimes be used instead of hydro- 
fluoric acid. 

Calcium Carbon ato, CaCO,. — It is precipitated in a pure 
state by ammonic carlwnato from a solution of calcium chloride. 
It is used for standardising. In the impure state, a.s marble or 
limestone, it is used in the preparation of carbonic aci<l. 

Calcium Hydrate or “Lime Water.**— This is used in 
testing for carlwn dioxide and in estiniaiitjg the amount of that 
gas present in air. It may be made by .'iljkking quicklime and 
digesting the slaked lime with water. One hundred c.c. of water 
at 15* C, dissolves 0,1368 grams of the hydrate (CalljOJ, and hot 
water dissolves still less. ** JjU^ '* is slaked lime suspended 

in water. 

Cobalt Nitrato (Co{N 0 ,V 61 I^ 0 ) is used in a 10 per cent 
solution for the detection of oxides of zinc, aluminium, Ac. ; 
on ignition with which it forms characteristically coloured 
corapounda 

Copper, Cu, — Pure copper, os obtained by electrolysis, can be 
purchased. This only should be used. 

Copper Qxido, CuO. — It occurs as a black, heavy, and 
gritty power, and is used for the oxidation of carbon and hydrogen 
in organic substances. It should lie ignited and cooled out of 
contact air just before using, since it is hygroscopic. Oxide 
of copper which has been used may be again utilised aftw 
calcination. 

Copper Sulphate (CuS0,.5lI,0) contains 25.4 per cent of 
copper. It is used In the outer cell of a Dani^-battery. The 
commerotal salt is used for this purpose. The re^srystalliaed and 
pure aalt is used for preparing tno anhydrous sulphate, which is 
used for detecting moisture in gasos. For this purpoee it is 
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dried at aoo* 0 . till no trace of green or blue eoloor raneins. It 
most be prepared when wanted. It may be conveniently used 
in the forut of pumioe-^tcoe. saturated with a solution of the 
salt and drietl. Traces of muisturu develop a green colour. 

Ferric Chloride, Fe,CI,. (When crystallised, FejCI,. 6 H, 0 .) 
'—The solution is pn^jwi^ as drscTibed under iron. The com* 
mercial salt contains arsenic, and, since the chief use of ferric 
chloride is for the determination of this sulaitanoe, it must be 
purified (see under Ak^enic). 

Ferric Sulphate (Ft\(SO^),) is a yellowish white deliquescent 
•alt. It is used as an indicator in volumetric silver assaying, and 
for the separation of imline fi^m bromine. It may be purchased 
as iron alum, Am,Fe^(SU^)^.34H,0. Hut it is V)c«t prepared by 
adding strong sulpliurie acid to ferric hydrate in equivalent 
proportions. Use it as a solution containing • or 3 per oent 
of iron. 

Ferrous Sulphate, FeS 0 ^. 7 H, 0 .— The granulated form is 
best, and can be purchaMnl pure. It is used for standardising. 
It keeps better in cr>'»tals than in st>hition. It is readily soluble 
in water, but the tM^iuUon is U>st made with the help of a little 
free acid. As a re agent u.ho a 1 0 per cent, solution. The crystals 
■hooid be clear bluish gmui ; if their colour is dark green, 
brown, or blue, they should n'jet‘le<l. 

Ferrous Sulphide (FeS) is used for the preparation of sul- 
phuretted hydrogen. It may be purchased and broken in smalt 
lumps, nut-size, for ui?e. 

“ Fusion Mixture '* (K^COj.Na,CO,) is a mixture of potasKic 
and sodk carbonates in the proj>ortions of 13 of the former to 
10 of the latter, by weight. It is hygiwcopio. A mixture of the 
bicarbonate w better. iK-ing purer and leas apt to get damp. 

Onllio Acid U an organic acid, occurring as a 

I-Je fawn-coloux^ crystalline powder, soluble in 100 parts of 
eold water, or in 3 parts of btdiing water. It it used for the 
determination of antimony. A 10 per cent, solution in warm 
water is ma^le when requir^. 

Hydrogen (H) is a gas. It is obtained by acting on tine with 
dilute hydrochloric or sulphuric acid. It is used as a reducing 
agtmt, and for providing an atmosphere free from oi^gen. It 
redoces metallic oxides at a high temperature. It must be frce<l 
from water ; and special precautions should be taken to prevent 
an admixture with air. It is generally requited in a current 
which oan be continued for an hour or more without interruptkm. 
The preparmUon can be convmuenily catried out in the afparatui 
53)^ ^ is half filled with tb^ sine, 

iftd^jaatiected with bulbs filled with suIjdiurM acid, and with 
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ft calcium ohlaride tube. The hu«t ie counected with the apparatuf 
through which the gas hae to be 
paesed, Dilute hydrochloric acid 
mixed with a few cubic centiitiotreH 
( 20 c.c. to I pint) of stannouii chlonde 
Bol. to fix any diam)!ve<i oxy<:en, ia 
placed in the funnel, aud let into the 
bottle by opening the 8lofxux;k when 
required. Care muat be taken to let 33* 

the hydrogen escajHj for some time before starting the reduction. 

Gold, Au. — Gold, obuiined by cupelling and “ parting/' is for 
most puiyosei^ sulUciently pure. It is best kept in the shape of 
foil. When the purer meta.1 is required, gold should be dissolved 
in aqua regia, the solution evaporated to a paste, diluted, allowed 
to stand, and tiUere<l. The filtered solution is acidified with hydrcK 
chloric acid, warmed, and jtrecipiuted with sodium sulphite. The 
precipitate ia collected, washed, and fused on charcoal 

Iron, Fe. — The soft wire (thin) is used for standardising. 
Rods are used in dry assays as a desulphurising agent. Steel 
must not bo used, since it is not pure, and contains ft variable 
amount of iron. 

liOad, Pb. — Granulated lead or lead-foil is tised in the dry 
assay for silver and gold, and in the prepiiration of lead salts. It 
ftuj be obtained very pure, but always contains more or less silver, 

I or 2 milligrams in loognsms. The amount of silver it con- 
tains mmst bo deierniined and n^rded. 

Lead Acotato (PbA^, .311,0, or Pb(C,n,0,)^3n,0) is used as a 
test, specially fur the detection and (^timation of sulphuretted 
hydrogen. Prepare a 10 per cent, solution for use. 

Le^ Nltrata (Pb(NOj},) can be purchas(?d pure. It is used for 
standardising. 

Lead Dioxide (PbO^) occurs as a dark -brown powder. It is 
mied as ftn omdizing agtutt and for al»orbing sulphurous oxide. 
It can be prepared by digesting red load with w’arm dilute nitric 
acid ; washing and drying the re.«idue. 

‘‘Litharge," PbO.— It can l)e purcliased as a yellow heavy 
powder. It is used in dry a.<^ying as a flux, as a desulphurising 
agent, an^ also as a source of lead. It alwnrya contc^ some 
silver, the amount of which must be determined. 

Litmus.— >This is an organic colouring matter which is tamed 
rM by adds and blue by alkalies. For ordinary purposes it it 
best os^ as litmus paper, which may be purchased in suudl booka 
A aduUon is prepared by digesting 1$ at 20 grams of the com- 
meidal litmus in 100 0.0, of water on the water hath. After being 
flowed to setUi^ it is filtered and made just faintly red with 
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ftcetic acid. Tiien there is added a drop or two of a aolation of soda 
axid 1 0 c.o. of aleoliol. It ahoidd be kept in a looeely-covered bottle. 

Magnesia, MgO.—It may be purchased as ^^oalcioed maCTeeia.” 
It is used for makiog “ magnesia mixture,” and should be kept in 
a corked widchmoutbcd bottle. 

Magnesia Mixture.”— Dh^lve 23 grams of magnesia b 
about a quarter of a litre of dilute hydrochloric acid, avoidbg 
excess. Add 5 grams of magnesia, boil, and filter. Add 300 grams 
of ammonic chloride, and 350 c.c. of strong ammonia; and dilute 
with water to 2 litres. It should be kept in a stoppered wb- 
Chester. 

Magnosium Sulphate, MgS0^.7U,0.— It can be puztdiased 
very pw, and is occasionally used ns a standard salt. 

Manganese Dioxide, MnO^. — It is used in the preparation of 
chlorine. The commercial article is not pure, but is sufficiently so 
for this purpose. 

Marble, CaCO,. — Fragments of the white crystalline variety 
only should be us4^ It ts used as a source of lime and of carbon 
dioxide. 

Meronry, fig.— This can be purchased pure. It should have 
a bright surface, flow without a tail, and leave no residue on igni- 
tioD. It is used as a standard ; for amalgamation ; and as a con- 
fining liquid in gas annly'sis. 

Mercuric Chloride (HgCI,) m.'iy l)e purchased pure. Hake a 
5 per cent, solution in water. It is used for d^troying an excess 
of stannous chloride ; for removing sulphuretted hydrogen from 
solution ; and as a test for stannous salts. 

Microcosmic Salt, HAmNaPO^.SH^O.— When fused NaPO, 
is former]. It is used in testing for metalhc oxides and silica before 
the blowpipe^ The crystals are srjmetimM used as a standard for 
phosphoric acid. 

** Kessler s Solutfon.*— Mode of preparation ; Dissolve 35 
grains of potassium iodide m too c.c. of water ; dissolve 1 7 grams 
^ mercuric chloride b 300 c.c. of water, and pour this sclution 
bto that of the iodide till a permanent predpitab U produre<l ; 
make np to 1 litre with a 30 per cent, solution of pc^h ; add 
mercuric chloride till a precipitate is again formed ; alkiw to 
settle and decant It is used for detecting ammonia. 

Mitre.— This is potassinm nitrate. 

Bletinum Chloride, sHCl.FtCt^ (In the ctytUUised (om it 
has 611 , 0 ).— It may be made as follows Take c grama of dean 
pjatinnin soap and disedve b a flask at a ^nUe beat b 50 c.e. of 
sydredhiork: add with the oeoadoDal addition of aome nitHo add ; 
mponte to a paste; and then dissolve b 100 e.e. of water, li 
le used for eepantiag and determining potasdtuii. 
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Fbenolphthaloin Is an orgimic compound ased as an indicator ; 
more especially in detormiiun« the weaker acids. It cannot be 
tisod in the presence of ammonia. Dissolve half a gram in loo c.c. 
of dilute alcohol. 

Fotassiunx Bicarbonate, IvlICO,. — It may be purchased 
pure; on ignition it leaves the carbonate, K,COj, which may be 
used as a standard. 

Fotassium Cyanide, KCN.— It Is u.sed in the dry assay as a 
reducing agent. The commercial salt w very impure. Purchase 
that sold aa potassic cyanide (gold) which contaias about 95 per 
cent, of KCN. It U u.sed for copper assaying and occasionally in 
separation. Make a 10 per cent, solution when wanted. 

Potassium Bichromate, K^Cr/J^. It may be purchased 
nearly pure. It Is used as an oxidising agent, for determining 
iron ; and as a test solution. For this la.st purpose a 10 per 
cent, solution Is prepirt^d. 

Fotaoslum Chlorate (K CIO,) can be purcliased pure. It is 
u.se<I with hyilnichloric acid as a sul>stitiite for aqua regia. 

Potassium Forrocyanide (K,Fe(CX), .311,0), or “yellow 
pHLssiate of potfi^h,’' Is u.setl ns a tost ; as an indicator ; and for 
the determiniition of zinc. Make a 5 per cent, solution. 

Fotassium Ferricyanide {K,Fe,(CN)j,), or “ red prussiato of 
pota&h,” is ased for testing ; and as an indicator. Make a 5 per 
cent, solution when wantol, a.s it de<simpo.ses on keeping. 

Potassium Hydrato, KlIO. Purchase that purified with 
alcohol. It Is an alkali, and Is used for aljsorbing carbonic acid, Ac. 

Potassium Iodide, KI. It may 1x5 purchased nearly pure. 
It is used as a tost and for dissolving iodine. It should he us^ in 
a 10 per cent. s«)lutioD f^t^^hly made. The solution decomposes on 
exjKisure to light, with se|>aration of iixiine. 

Potassium Nitrato ( K XO,) can be purchased pure. It is used 
in the dry way as an oxidizing agent. It Is very fusible. It 
decomp(^os at a low tom|>i’nitiiro into potassium nitrite (KNO,) 
and free oxygen; and at a higher toiu|x*mturc leaves potash 
(KjO). It oxidizes sulphur and carlx)n witli explasive violence^ 
This action may be moderated by miiiDg the nitre with carbonate 
of soda, common salt, or some other inert body. 

Potassium ITitrite, KNO,. — The commercial article is not 
pure, but is suffidcntly so for the purpose required. A saturated 
solution IB used in the separation of cobalt ; the sedution is made 
when wanted. 

^^^^tassium Parnumganate, KMnO^— This salt can be pur- 
<^t^ased sttiSicienUy pure. It is much used as an oxidizing agenU 

Potaadum Bisi^pliata (KHSO,) is used as a diy reagent for 
opening up ndneimls. It fuses ; and at a much higlur tempera^ 

K 
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tare is co&Terted into potusioxn sulphate with loss of sulphuric 
acid. 

Potassiam Snlphooyanate (KCNS) is used for the dotection 
and determination of traces of ferric iron ; as also in the separation 
of silver and cop|)er from some of the (jther metals. Make a lo 
per cent, solution. It should show no t*olour on the aiKlition of 
hydrochloric acid. 

“ Bed Lead ” (PbjO,) is used in the dry assay as a flux instead 
of litharge^ from which it di (I’ers in cont:iining a little more o.vyi'on. 
When aded on by nitric luid a brown iW'^iduo nf leiul dioxide Is 
left, nitrate of l«id going into solution, Like litharge it ahvaj's 
carries silver ; about 2 milligrtim.s in 100 granjs. 

Silver, Ag. — Pure silver in foil is requiretl as a standartl. 
It may be prepared as follows: — Dl«.«o1vg w'nip silver in dilute 
nitric acid and decant otT from any re.-iduo ; dilute tim solution 
with hot water and add hydrochloric acul until there is no further 
precipitate, stir ; allow tlic prt'cipitate to settle : dwuit and wush ; 
dry the precipitate, mix it with twice its bulk of carlxmate of 
ftotU and fuse tho mixture in a crucible until tramjuil ; clean the 
button and roll or hammer it into bdl. 

Sodium Aootato, NttCj}Ij0,.3n,0. — Tlie crystals may l>e pur- 
chased sufficiently pure. Make a :o cent, solution in water. 
It is used for replacing mi [ k nil .acids by acetic acid.* 

Sodium Acotato and Acotic Acid. — A s^dutinn is used in tha 
d^ermination of phf^ph:ites and ars«‘nate«i; too grams of tho 
salt is ilissfAhed in 500 c.c. of acetic acid, and dilutciJ with water 
to on© litre. 

Sodium Bioarbonato(N’ttnCO,)isuse<lasa flux in dry met hods. 
On ignition it Iwives the tarlxjmUo (NajCO,), widt h ia u.setl as a 
atambrd nt. M.nke n 20 jxt cent, .solution of tho carlmiuit© 
for use. It sh'njld U* fns^ frum rhh>rid(’?t t)r sulplmtes, or if 
impure the nmotjut of inipurifics must lx» dcterunTasl. 

Sodium Hydrato, NallO. It may l>o purt‘ha.sfsl in idicks, 
which should }>e ke|>t in a well corked lM*ttlc. It is soinct iuu^s cnlhsl 
“caustic sotla.’’ It lh a strong alkali. It is umsI fob neutrall/.ing 
acid solutions and for when) ammonia is imsuitahlo. 

Make a 5 per c^mt. solution f‘»r u^. 

Sodium Hyposulphito. N\S^(\.5n,0. ~It may licYurrhairetl 
pure. It is generully known aa ** hypt>." It it umsI an a 
standard. 

Sod o m Sulpbito (Xa^SOj.7ffjO) is umsI as a rrslucing agent. 

SodtUlD PhOflphatO, N^lli*(\.I2fI U. 'flje crystals may 
pittrhaawf pm^ but they efflore^ in <liy air with Ims of W 'aer 


* W'7 » lififit + fifaa 
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It te twed M A Btandarcl and for precipitating magnesia, Ac. 
Make a 10 per cent, solution. 

Stannoua Chloride, SnCl^aHjO.— Tho crystali are be«t pur- 
cliascd. If kept dry and free from air they are fairly permanent. 
A solution is made by dissolving 20 gmrjxs in 10 c.c, of hydro- 
chloric acid and diluting to i litre. The solution is not permanent. 
It is a strong reducing agent, and is chieOy used in solution for 
this purpose. 

Tin, 8n. — Grain tin should be purchased. It Ls not pure, but 
contains 99.5 per cent, of tho metal. The chief impurity is 
copper. It can bo us<h 1 as a standanl. When acted on with hot 
hydrochloric acid it slowly dissolves (more rapidly in contact with 
platinum) and forms stannous chloride. 

TTranium Acota^, yG,(0,H,0,)^ir,0.™It is best purchased in 
crystals. The solution Ls used for the determination of phosphates 
and alienates. A solution of 3 per cent, strength is occasionally 
us(h 1 as an indicator. 

Uranium Nitrate, UO, (NO,),. 6 H, 0 .— This salt is very soluble 
in water and Ls sometimes ust'd iastead of the acetate, which is 
somewhat didicult t(j dissolve, 

“ Water, " K, 0 . — Spring nr well water Ls sufficiently pure for 
purpases, 100 c.c. will leave a residue of from 10 to 30 
milligrams, so that where a salt has to be dissolved out, evaporated, 
and weighed it shouhl \ m } rephictti by dLstilksl water. Rain water 
melted snow, Ac.,* alwTiys leave IftVi residue than spring water * 
but in other respects they art> often dirtier. DL-tilksi'^water is 
b«>t prepared in the office, a gdass or tin condenser living used. 

Zino. Zn. — It is sold in a granulated form or in sticks. It 
genei^ly contains over i |>er cent, of lootl, with a little inm nod 
arsenic. It is used for sejvirating metals from tlieir solutions, 
and generally as a re<iucing agvnt. For the preparation of 
hydrogen, and in most other cases, scrap sheet 7,1 nc may be usftl, 

Zino Oxide, ZnO. — The comraercuU oxide sometimes contain# 
carbonate, 

Zino Sulphate, ZnSO^.llTjO, -It Ls <HX'judonjuiy used as a 
standard, and can be p\iixiui.-<s] iiriulv pure. 
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CHAPTER m 

FORHUL-E, EQUATIONS, ETO. 

ToMMVUt and equations are a kind of short band for expressing 
briefly and ir* the lan^mago of the aUtmic theory the facts of 
cbemica] composition and reaction. The convenience of this 
method of expresssing the facts justifies a short description of it 

here. 

On comparing tlio |>ercentago composition of a series of com- 
pouniLs the proportions in which the elements roinhine appt'ni'S to 
be regulate^! by no .simple law. For (*.xample : 






PyrilML 

Anu^nic . 

. 714 .. 

. <0 9 ... 

^6o ... 

_ 

Sulphur • 

. 2I6 .. 

. 3 ‘>i ... 

196 ... 

533 

1x00 . • 

. 

, — 

• 34 4 

467 


tOO-O .. 

iOOO ... 

100.0 ... 

100.0 


But if in th«se examples the comjKwiition IscJihuiUtcd, not on too 
parts, but on J07, 246 , i6j, and 120 parts a^|)octively, evidence 
of a simple law ltecome« npjxirent. 





UlipiolieL 


Aff^nlc , 

. 750 . 

J500 .. 

. 7 $o ... 


Sulphur , 

. 320 .. 

.. yj,o .. 

. 34 0 ... 

64.0 

Iron . . 


— .. 

50.0 ... 

56.0 


107.0 . 

.. 2^6,0 .. 

. 1630 ... 

1200 


U will be seen that the proportion of arrienic U 75 or twice 75, 
that of iron is 56, and that of sulphur 32 or some simple multiple of 
32. The series of exampU^ might be extendwl indefinitely, and it 
would still be found that the “combining proprirtions ”dield good. 
The number 75 is spoken of u the “combining weight,'* or, more 
frequeutl^, as the “ atomic wwght ” of ammic. HimiUrly 56 is 
the ateniic weight of iron, and 32 the atomic w<dglit of sulphur. 
The importance of this law of chemical combination U altogether 
i^dapeodant of the atomic theory ; but this theory fumisb^ the 
mfnpM explanation of the facta. According to it a chemical 
compourrd » made up of exactly similar groups of particIcM. Tbs 
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particlee of each elementary substance are all alike, but dilfer 
{rom those of other elements in weight. Ultimate particles are 
culled iUoTns, and the groups of atoms are called mckcules. The 
atomic weight of any particular element is the weight of it» atom 
compared with the weight of an atom of hydrogen. The atom of 
sulphur, for instance, is 32 times as heavy as the atom of hy- 
drogen, and the atomic weight of sulphur is 32. The moUcular 
weujhi is the sum of the aU)mic weights of the group. The mole- 
cule of pyrites contains two atoms of sulphur and one of iron : on 
referring to the Uible of atomic weights it will be seen that the 
atomic weights are - sulphur 32, and iron 56. The molecular 
weiglit, tljei^fore, is 32 + 32 + 56 — that is, 120. The meaning of 
this is, 120 parts by weight of iron pyrites contain 64 parts of 
sulpliur and 56 parts of iron ; and this is true whether the parts 
by weight ** Ijo gmins or tons. 

The iyvxJhjl or /onnfda 0/ an at</m Is generally the initial letter 
or letters of the Latin or hhiglish name of the substance. The 
atom t^f hydrogen is wTitU ri II, tliat of oxygen 0 , of sulphur S, 
of iron (ferrura) Fe, and so on. A list of these symbols is given 
in the table of atomic weights. 

The ftirmult of i nuilecnU is obtained by placing together the 
symbols of tlio conunned atoms. Tims, Fo represents an atom of 
iron, S an atom of sulphur, while FeS re[iresentvs the molecule of 
sulphide of iron as containing one atom of each element. 

When more than one atom of an clement i,s present this is 
shown by writing a figure under and after tlie syniljol; thus, 
FeSj represents ,a maltvule with ono atom of inm and tw'o atoms 
of >tdphur, Fe,!^j similarly shows one with two atoms of iron and 
tliree of sulpliur When a grtFiip of atoms Ls enclose*! in brackets, 
a tiguie after and under the bnuket multiplies all within it; for 
exampU*, FldNO,)^ is ar<>t)ier way of writing PbN, 0 ,. Sometimes 
it i,s convenient to rej n sent tlie atoms of a molecule as divided 
into two or more gnmjis ; this may be done by writing the 
formula of tlie group, and separating each simple formula by a 
full stop. Slaked lime, for instanct\ ha*; the formula Call, 0 ,j or, 
as alrewly explaine<l, we may wriio it Ca( HO), ; or, if for purposes 
of explanation we wishe*! to look on it .a,s lime (UaO) and water 
(H^O), could write it t’u 0 .!l, 0 , A plus sign f + ) haa a 
diflerent moaning; OaO+11,0 imlicates quantities of tw'o sub- 
stanccsi, water and lime, which are sepirate from each ot her. The 
sign of fM]tia!ity ( a ) is generilly usetl to sepamte a statement of 
the reftgenU used from another statement of the products of the 
raeiCtioD ; it may be translated into the word “ yields <w “ ^ 
eomea.'* The two statementa form an equation. 

Jgimri&g the quantiUtjve relation, the meaning of the equation 
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CaO + H,0»Ca0.H,0 is: **111110 and water yield slaked lime” 
By referring to a Ublo of atomic weights we can elicit the quan* 
titatiTe relations thus : — 

CaO + H,0 - Cairo. 

i I i 

Ca«40 Oa«»40 

0 mi6 0 si6 H,- 3«t ixa 

— — 0. = 33»i6x3 


Or, putting it in word^i^ 56 parts of lime (^mbino with 18 parts of 
water to form 74 jvarts (»f slaked lime. This eqimtion enables 
one to answer such a qucjition ns this : — How much lime must be 
used to produce i cwt. of slaked lime I for, if 74 Ihs. of slaked 

lime nxiuire 56 IW. of lime, iia Ifae. will require ^ or 

74 

about 84} lbs. 

As another example having a closer bearing on assaying take 
the following question: — ‘*ln onler to assjiy 5 grams of ‘bbick 


xKCNO 


65x21130 

What is sought for Iu‘ri» is the rt^ bit ion between the quantities 
of Hut), and Kt'N. Sotv that a ligure Wfore a formula multiplies 
all that follows up to the next stop or plus or «]uality sign. The 
question is now nwilvod to this: if 150 gmms of oxide of tin 
require. 130 grains of cyanide, how much wU) 5 grams rajuiret 
J50 ; 130 :: 5 : X 

* =* 4^33 prams. 

A problem of frorpient (nxuirrence is to find tlie percentage 
eomposition of a stj Stance when its formula has been given. For 
example : ** What |x'rtt?ntage of iron is contained in Si. minend 
haring the formula 2Fe,0^.3H,0 1" Ilringing thU formuk to- 
gether we have FeJI^O^. Find the molecular weights 
h\ « 334 1 56 a 4 

H. - 6 « I a 6 

0, • 144 • 16 a 9 


(KCiS) will Ih' miuireti 1 ' The reaction is 

SnO, + 

jKCN b Sd <f 

1 

♦ 

Sn- iiS 

K = j 9 

0.- 3 ^ 

C =: 1 3 

— 

N B 14 

i;o 

— 


174 
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Then we get : 374 parts of the mineral contain 2*4 of iron. How 
much will 100 couUiin ? 

374 * 224 :: loo ; x 

ac «■ 59.89* 

And tho answer to tho Question is 59-^9 cent. 

Again, suppose the question is of this kind “ How much 
crysmlliscd copper eulplmte (CuSO,.sir.O) will be required to 
make 2 litres of a solution, i c.e. of which shall contain 0.0010 
gram of copper I ” 

A litre is looo c.c., so, therefore, 2 litres of the solution must 
contain 0.001 gram x 2000, or 2 grams. How much cirstallised 
copper sulphate will conUin this amount of metal I 
Cu := 63,3 

S s 320 

0^ a 64.0 a iC X 4 

SH,0 a 90.0 « 18 X 5 

2493 

H 63.3 grams of t^jqK^r are contained in 249.3 grams of sulphate, 
lu Jiow much Ui 2 grams oontainH. 

^3-3 : 249-3 - 2 giauis : a: 

mi ■ -T = 7-®76 o grama. 

The answer is, 7.8769 grams must he taken. 

As a sam jtle of aimlln-r c;;! .. of proMcin similar in nature to the 
last (hut a little nmiv complu a:,‘d) take tlie following ■— **What 
weight of rKTmanganato n! must be taken to make 2 litree 

of asnlutioii, 100 c.c. of which shall be cijuiviilent to i ^nim of 
mail In tlio first place the 2 litres inu.st bo ctiuivalent to 
20 gram.s of m>n, for there are 20 x 100 c,c. in two litres. la 
the litratmn of iron hy |KTmang:umte solution there are two re- 
actions. hir-st in dissolving the iron 

Fo + llfiO. « KeiSO, 4. H. 

I 4 . 

and second, in the actual titmtien, 

loFeSO. + 2KMnO^ + OH.SO, - 2M11SO, + sFeiSOA 4 2KHSO 
4 48110 ‘ ^ • 

K -39. 

Mn »55 

0, .64 

158x2^ 316 

Aa btfore, attention i« couhned to the two tabetinoea ondw 
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omtaderation^vi*,, Fc ami KMnO^. In the gwonJ equation we 
find 316 parte of the permanganate are required for 10 molecules 
of FeSO, ; and in the first equation 56 ptirts of iron are equiva- 
lent to one molecule of FeSO^, therefore 560 of iron are eqtjiva- 
lent to 316 of permanganate ; and the qviestion is, How ntuch of 
the permanganate will l>e etpiivulent tu so g\iims of iron! 

560 : 316 :: 20 grams : x, 

n.sSfi grams. 

The answer is 11.2S6 grams. 

Very similar to this liist proMeni is the question Ruggcsled 
under the head “ Indimt Tit mt ion ” (p. 43). ‘‘If too e.c. of 
tbetiUndard permangjinate solution are erpiivali-nt to 1 gnim of 
iron, liow much [)eroxi(lo of manganese will they l>e wjuivulenl 
tot ” The equation for dissolving the iron is alremly given ; the 
lecond equ.ation is 

aFeiJO,+ MnO,+ Fe,(SOj, + MnSO,+ 30,0 

Mn = 5s 

0 , 

87 

It wiD be seen th.at 87 gnun* of peroxide of manganese are 
equivalent to 113 gntms of iron. H»>w- much then is equivalent 
to I gnim of iron j 

112 : 87 :: I gj.im ; j 

jr 0.776; gram. 

It b semetimes convenient to cdculnte the fciriiiula of a fuh- 
stance {wm its aIlaly.<^is. The method of ndctilating is shown by 
the following example. iNquired the formula of a mineral 
which gave the follow ing figtiii-* on amdysLs : — 


Ctprio oxide (C’cO) 


. 10. 5S 

Ferrous oxide (KtO) 


. 15,69 

Zinc oxide (ZnO) - 


, 035 

Salphonc oxide (£0,) . 


. 38.83 

Water (H, 0 ) . . . 


. 447 * 

ioai5 


First find the molecnUr weights of (‘ud, Feth dc., and ilivids 
the corresponding j>«'rcentng«s by tlu^j^ ligtnxn. Thus, CuOai 
63*3 + 16“ 79.3 and 10.58 divided by 79.3 gives ai334, Simi‘ 
krly F?0»56+ 16 **=72 and 15,69 dividwl by 7a ^ves 0,3179. 
lV«!it«d in the some way the oxide of tine, sulphum oxide end 
walw give m results o 0043* 0.3602 and 2.484. 
dMWf the neutU ae folJawB 
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BaaM. Ai'ir!*. W»tw. 

CqO 0.1334 60(0 j6o3 K ,0 2.4^4 

KeO 0.2179 
ZnO a 0043 


RO 0.3556 ^ RO, 0.3603 ^ RjO 2.4S4 

Tho fijjnros 0 , 3556 , 0.3602 :ui<] 2.484 should be then divided by 
the lowest of them — 0.3556 ; or where, as in this case, two of 
tlie Ogures are ver\" lienr each other the mean of these may be taken 
t.g., 0 . 3579 . Wliicfiever is tiken tlie figui-es got will be approxi- 
mately I, I and 7 ' The formula is then ItO.*SO,. 7 H ,0 in which 
It is nearly fths c-oppcr, ^tlia iron and a little zinc, 

ThU formula requii-es the following fjercentage composition, 
which for the sake of comparison is placed side by side with the 
actual results. 



CaJcu'iled. 

FoudA 

Cupric oxide , 

. . . It. 29 

10.58 

Ferro u» toe ids . 

• » . *5 37 

• *5 

Zinc oxide 

. . . rU 

0 - 3 S 

Sulphuric oxide 

. . . 2S.47 , 

>. 28.82 

Water 

. ai.84 

44 - 7 * 


fj-jl .. 

lOo, Ij 


Trimming the restilts of an anah>is to make them lit in more 
closely with the calculations fntm tlie formula would be foolish 
as well as dishonest. There can be no d<a)ht that the actual 
analytical results rt^presont the conipK^ition of tlie siK-cimen much 
moi'e closely’ than the formula docs; nldiough fxTliafis other 
fjpec'imcns of the same mineral would )’ie)d results w hich would 
git)up themselves better around the calculated rt^sults than 
around those of the first specimen analysed. It must be re- 
membered that sul^staiices are nirely found pure either in nature 
or in the arta; so that in most cases the formula only gives an 
apptx)xi]nation to the truth. In the case of hydratc>d salts there 
is generally a difficulty in getting the ailt w ith exactly the right 
proportion of water. 


PRACTICAL KXKKCISE 3 l 

The following calculation?! mar lie made 
I. Calculate Mandarda in the following rajtes— 

(a) Silver taken, t.003 gram. Standard lalt uised, roarseja 
(A) Irtm taken, 0.7 pam. Bichromate used, 69.6 c.c. 
k CaloQlaU percentagee :*-> 

(a) Ore taken, t ptm. Solution need, 65.3 0.0. Staadanl, a9S7 

gram. 
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(I) Ore taken, i gram. Barinm sntphata got. i. 4U gnus. Barium 
sulphate contains 13.73 per cent, of Bulpaar»and tbeper* 
centage of snlpbur in toe ore is wanted. 

(e) Baiiiui) sulplmte Is BaSO^ Calculate the peroeotage of sul< 
phur it contains, for use In the preceding queetlon. 

3. A method of estimating the quaniitj 0! peroxida in a manganese ore 

is based on the following reactions:*— 

(1) MqO, + 4HCr = MnCL *f- CL + alLO, 

(21 Cl + KI = KCl + L 

To bow mncb MnO, is 1 gram of Iodine ( 1 ) equivalent f 

4. A mineral has the following composition * 

Carbonic acid (CO|) . . . I 9>09 

Copper oxido (CuOJ . , . 71.40 

Water (H, 0 ) . . , , 9,0a 

Wbat is its formtila f 

3. How much copper is contained in 1.5 gram of crjstallUed copper ftU* 
phate (Cu.SU,. 5H,0) f How much of these crjsUUs must wj taken 
to give a 4 gram of copjMjr f 

A How much ferrous sulphate crystals (Fe.S 0 ^ 7 H, 0 ) must be taken to 
yield 2 litres of a sol u cion, too cx. of which shall contain a 56 
gram of iron f 

7. Galena Is Pl>S, and hjematite Fe^O^ What percentages of m<^ do 
these mmeral* f 
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CHAPTER vm. 

SPECIFIC GHAVITT. 

The relfttion of tlie wtight of a suItsUdco to its volume should be 
kept in mind in all cjim-s w here Iwth weight and volume are dealt 
with. Studonta are aj)t to imagine that on mixing equal volumes 
of, say, sulphuneacid nnd water, an acid of half the strength must 
be obtained. If the Klateiiient of strxuigth is in parts by weight 
this w’ill lead to cunsidomulo error. For example, iooc.c. of sul- 
phuric a< id contiiining q 8 per c'ont. by weight of real acid, wrill, if 
dUuttsl with 100 c.c. of water, jneld a solution containing not 49 
j)er cent, by wTiglit, but abuiit 63.5 |»er cent, of the acid. The 
reason is tins : the 100 c.c. of sulphuric acid weighs 184 gnims, 
and contairui 1S0.32 grams of rc;il Jicid, while the icoc.c. of water 
weiglis only 100 gnims; the mixed water and acid weighs 284 
gram.s, and contains 180,32 of real acid, which is equivalent to 
nearly 63.5 per cent, by weight. If, however, the metho<l of 
statement be volumetric, it w'ould be correct to s-ay that doubling 
the volume halves the strength : if ico c.c, of brine contains 10 
grams of salt, and is diluted with water to 200 c.c,, it would l)e of 
one-half the fomer strength, that is, 100 c.c. of the solution would 
contain 5 grams of sjilt. 

This confusion is avoided by alwny.s stating t!ie strengths as so 
many ^ma or “c.c. ” in 100 c.c, of the liquid, lint obviously it 
would be advantageous to be able to ilcterminc quickly the weight 
of any particular substance corrt*sj>onding to i c.c. or some other 
given volume. Moreover, in descriptions of processes the 
strengths of acids and stdutions are frequently defined neither by 
their gravimetric nor volumetric composition, but by a statement 
either of specific gravity or of the degrees registered by Twaddell’s 
or Beaum^’s hydrometer. Tlius, in the descript ion of the process 
0 ^ gold parting, one writer gives : “The acid should be of i.a 
spe^o gravity and another says: “The add must not be 
•tronger than 3a* Beaumi" 

These ooneiteations justify an account of the subjest in such s 
work sa this. And 00 other grounds tbs detennination of aspedfio 
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gravity is oue of the opera tiotis with which an ossayer should be 
familiar. 

The meaning of specific gravity ” is present in the mind uf 
every one who uses the sentence “ Irad Is lioavier than water." 
This is meaningless except some such |ilinuio as hulk for hulk " 
be addeil. Make the sentence quantiUitive by ^aying i “ hulk for 
bulk lead is 1 1.56 times lieuvier than water/’ and one has the exm i 
meaning of: “ the speeitie gravity of lead is 1 1.36,” A table of tin- 
spec-ific gravities of lujuids and solids sirows how many time^ 
heavier the sul^stanccs aie th.-ui water. 

It is better, however, to look u|K)n the sjrecific gravity (wriltec 
shortly, sp. g.) as the weight of a bulrstance tlividetl by its volume. 
In the metric system, i c.c. of water at 4* C. weighs with sullidenl 
exactness i gr am ; (‘oiistSjm'ntly, the sp, g., wlucli states how main 
timfts hrtivier than water tiie sulrstaiiro is, also expresses the 
weight in grams of one c.c. of it. So that if a 100 c.c. Ihisk of 
nitric acid weighs, after the wvight of the Ihusk has dfthicttNl, 
1 20 grams, I C.C. of the acid wi‘i:.:hs 1.2 gram, and the sp. g. is 1.2. 
The specific gravity, then, may l>e deterinine<l by dividing th<* 
weight of a sulrstantv in grams by its voluino in c.c. ; l>ut it is more 
convenient in practice to determine it by dividing wrijjht o/Ui-' 
fuhs(*.in(X 6y irfvjht vf na tfiwil winmf, r-ftrattr. And sintt) the 
volunies of all sul^taiuvs, water includisl, vary with the temjN*r:i 
ture, the temjierature at w'hieh tlse sp. g. i.s fleleriniinsl >hould I**- 
recordeil. Kven then t lie re is ro».ni for urnhignity to the extr-nt 
that such a statem.uit as the following. ‘‘ the s|M eitic gravity of the 
BtilrsUinceai 50*! *. U 0.9010,’’ may in^m when eom)Kmvl with w‘abT 
at 5 ^*^*' 4’ or even >5.5*1*. For practiral pur|w*ses it 

aimuid mean the llrst of these, fnr in the iulual expt’rimeiils tin* 
water and the suhstiinD* are compared at the name lem|i#'rature. 
and it U well to gnvo tlie .Htaleinent of pt'^sults w ithout any suju'r 
fluous caJruLation. I n the m4*ti ic .system the sUndanl teinperulim’ 
la 4* for it is at this jsdnt that 1 r.c. of water weighs exactly 
t gram. Id Engi.and, tim sUmhtrd lcm|>oratim? U 60* F. (15.5' C.). 
which is suppos4si to Isj an average teini¥^ratnro of the IwJance 
room. Tho convenienro of tho Knglisli stan4lard, however, is 
merely ap^nrent ; it chunamls waniiing soinetimea and somelimc." 
cooling. Fftr most pur|p^iH it it more ajinenient U» wlrct a l«n» 
perature sufficiently high to avoi<] the ni'russity of (filing at any 
Ume. Wanning to tho rt!f|uircd temijcunture givoa very little 
trouble. 

Dotermlnation of Spocifle Grarlty.~Thm w a quick and 
Oaay method of determining tho demuty or sp. g. of a li|uid, baae*! 
upon the fact that a fioatlag hod^ in buoyed up more a heavy 
hqutd that* a Ughi one. The method ia more retnar kaUe for 
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j^peed than accuracy, hut still is sulBciently exact. The piece of 
apparatus used for the purpose is endoweti with a variety of 
names — sp- g. spindle, hydrometer, areometer, salimeter, alcoholi- 
meter, lactometer, and ho on, accord inj' to the Hjjccial liquid upm 
which it is intended to Imj iise<l. It tvmslsts of a tloat with a sinker 
at one end and a graduated IuIkj or ro^l iit the other. It is made 
of xnetiil or glass. Generally two are ri-^juin'tl, one for liquids 
ranging in sp. g. frtuii i.ooo tr> 2.000, and 
another, wliich will indicsile a sp. g. U'tweeu 
0.700 and I.ooo. The Tin ire depuids on the 
size of the instrument. For HjHs-iiil w(frk, 
in wliieh variations within aarrow limits are 
to ho determiiKHl, more deliaite instruments 
witli a naiTower range are miule. 

In using a hydrometer, llie liquid to 
tented is pliiced in a cylinder (tig. 3.^) tall 
enough to allow th** in“^irumenl to th*ut, and 
not too narrow. The teinju nilun* is tiken, 
and the hydrometer is irnineivd in the iluid. 

'Phe mark on the hydn)moter sfem. lev(d with 
the surface of the liquid, i> read ufT. ^Vi!h 
tr.an.sj«irent lupiids it is U-st to rvm\ the mark 
tinder and over the water .surface and take tiu. 34. 

the mean. 

The gruluation of hytlrumeters is not ma«Ie to any uniform 
system. 1'lio.so markiKl in dcgrf'cs Ikiujur or Twmidell, or aotxird- 
ing to spwifir gnivitv, are most commonly u>ed. The degrees on 
Ikiumes hydiiuueter agree among them.selves in l>cing at e<|ual 
distances along the stem; hut they are proporlion;il neither to 
the 8[H'citic gravity, n<^>i* to the percentage <jf .sjilt in the s<)lution. 
They may bo convv^rted into an nixUnary .statement of Specific 
gr.ivity by the following foi inula" : — 



o Nl-;> 

Sp, g. = — i — 

* I.SJ-t — dcglO 


I .^4.3 — dcguv> ikiuin^. 
or putting tiie rule in wonls. subtract the degrce.s Ikium^ from 
144.3, divide 144.3 nunilMT thim obtained. For 

example ; 32* Tkiume ("^ptals a sp. g. of 1.2S5, 

'44-3-,12 >re-.4 

This rule is for liquids heavier than water ; for the lighter 
liquids the rule is os follows : — 

o _ _ * 4 ^) 

P* * 136 + degrees Baume. 

or in words divide 146 by the number of tlwgnHVs n.uim4 added 
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to 136. For example ; ammonia of 30* Beaum^ haa a ep, g. of 
0.8S0 (nearly). 


146 146 

136 + 30 * 166 


0.879s. 


A 5im{>lo sedos of calcnlations enabled one to convert a Heaum^ 


hyilroineter into one showing the actual sp. g. Grathiation, 
aocorJing to sp. g. Is the most convenient for general purposoH. 
In these instruments the distance# between the divisiuiw b^me 


less as the densitit^ incimse. 


Twafldell’s hydnmieter is graduated in tins way : Each degree 
Twaddell is 0.005 in exa\ss of unity. To convert into sp. g. 
multiply the degrees Twaddell by 0.005, exiimplu ; 

25* Twaddell (H]ual.s a sp. g. of 1.135. 


35 K .005 = 0.125 ; + J-00O=:M25, 

Tliere is a pmctice which ignor\>s the decimal |Kiint and 8pcak.s 
of a .«p. g. of U35 instttui of 1.125. In some cases it i.s con- 
venient, and inasmuch as im sul»sianre has a real sp. g. of much 
over 20, it can lead to no cuiifusion. Tlieligua»s expn,‘sse<l in this 
way represtmt the weight of a litre in grams. 

Some hydrtmieters are giaduaUHl so as to show at a glance the 
percentage composition of the Ihjuid they are intended to Ijo usihI 
with. Gay-Lussac designed one to show' the aliyihoiic strength of 
mixture# of alcohol and water: the construction of others upon 
the same principle is easy and fierhajis useful. But when the 
principle U applietl to complex liquids and mixtxl s/d ut ions, it is 
misleading. 

Tlie >'ari{>us metluxl# of graduation might all to give place to 
one showing a siniple statement of the sp. g. 

The method of determining «p. g. with the hydrometer Is 
obviously inapplicable to the case of mliiU, and in 
the case of liquids it should not Ijo uju-d where exaiH 
figures are requinxl. There are sov'eral other metleHls 
which may be u«e<l, but on the w hole thow with the 
specific gravity bottle are most convenient. 

The #poclflo gravity bolUo (fig. 35) is a light 
flask of about 25 e.c, capacity, pnividwl with a well- 
fitting perforaU*/! stopper. It is essentia lly a gratlu- 
ated flask, which measures a constant volume, but it 
doe# not much ma^er what the volume U. 

In taking Uu tp. g, 0/ a ligtiid (or, whai »i the 
wni^ thing^ a fuietl e^id) there is want^l the weight# 
Fia.35. (i) of the rtaskful of water and (2) of the flaskful 

of the liquid. Dividing the second by the flinit gives 
the re^uirsM? iqi. g. The actual weighing# required ar^— 
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of the dry and empty flask, 

2) of the flask flUed with water, and 
of the flask filled with the litpiid. 

The weighing of the flask once ma<!o need not be often reputed. 
It is well to do 80 now and then for safety’s Kike ; but one weigh- 
in will serve for a large number of determinations. The same 
remarks apply to the weighing of the bottle filled with water. 
The lyttle w dried by rinsing out first with alcohol and afterwarda 
with ether ; ether is very volatile, and a short eiix)sure in a warm 
place will soon drive ofT the little renmining about the sides. The 
ether vapour should Iks suoko<l out through a glass tube. See that 
the bore of tbe stojiiKT is dry as well as tbe bottle. T^et the dry 
bottle stand in the hex of the Ijalance for a minute or two before 
weighing. Tlio weigljt Ls, strictly speaking, not that of the empty 
bottle, but of the bottle filled with air. The empty bottle would 
weigh from 20 to 30 milligrams less. Corrwting for this would, 
in most cases, only iiciko a dillVrence in the fourth place of 
dccimal.s* so that it i'^ Udter to ignoix* the error. 

Tlio weight of llie tht-ik filled with water Is got by filling it with 
di>‘tille<l water, and insi-rting the stopjKT, The excess of water 
will overflow at the margin and through the bore. The lx)tt]e is 
wiped with & soft, dr)' cloth, taking cjire not to squeeze or warm 
tlie bottle. The bottle will remain filled to the top of the stopper. 
It is allowed to stand in tlie halaiax* box for a minute or two, and 
then weigheil. 

Distilled water, as stated, should lie uscil ; (he of onlinary 
water may increase the we ight by 5 or 6 nnllignims. 3 iany 
w.aters, if they have not pn'viously boiled, give off bubbles 
of air which render the weigliing worthless. 

The temperature of the water is of greater imporUnce ; lower- 
ing tho temperature 2* will increase the weight by 10 or 12 milli- 
grams. A beaker of water may lx‘ wanned or cooled to the re- 
quirexl temperature; then the little U filkNl from it. and quickly 
weighed, if tho balance-room U cooler than the water, the latter 
will draw back into the bottle, and a few small bubbh^ of air will 
enter; but even in extreme cas<w this will only iDcr,?a.se the 
weiglit by a very small friction of a milligram. There is more 
trouble oeused when the rixun is warmer, for the liquid then ex- 
pands and protrudes os t drop resting on the top of tbe stopper. 

• Tlie dlflsreDce of 20 or 30 millipminf is di.<regarrle<l here because ft 
detmets Mtudlv from the actu.^t wt i^ht of thi^ water and liquid 10 be 
detertuinea. ff the liquid ii a bearr one the <litTeroticc shows itself in the 
third or second pltoe of deef mein, 'fhe roTrection mar Imi made bv deduct- 
ing frMD tbe Weight of Um fU*k aooi2 fur oKch ui ».4Uir li 
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There will in this case l)o loss hy evaporation, which in the case of 
the more voliitilo lujuids, such as alcohol, ia serioua To prevent 
this loss, as well us any tlmt may arise by overilow, the stopper 
should U' dilated above into a small cup, A (fijf, 3(5), 

A wlui'h may it^df Iw stopjierod. In a Iwttlo of this 
kind tho ruxk of the stopper is ^nuluatofl, and the 
bottle is considctied full when the lujuid stamls at the 
level of tho mark in tho nock. On irjs<*rting th%stop- 
jvr, the liqultl rist's into the ctip, and is re^lueetl to 
the level of tho mark by absorption with pieces of 
hlter-|«i|HT. 

For mast pnr|Hises, however, there is no need for 
coolin'? anti allowing room for sul»se<juent e:cpansion. 
The as.sjjyer, us a rule, om select his own standard 
Fia. 36. tctn[K*nuiin% and may chmvse one which will always 
niHa^s.sirate wanning. It will Ih? handier in this case 
to have a Ix^ttle with a thermometer stopjH'r. Of the two ty|x^i 
shown in fur. 37, that with the external thermometer tube (A) is 
more ^enemlly iiM-fnl. 

The botile is tilled at a lower tompeniture, anil Is tlicn ^ntly 
wanneil so us to slowly mis<? tho tern- 
fs'niture to tin? nxpiinxl de;?r<'0. The 
supcrlluiMis liipiid is then at once wij)ed 
od, and the battle rts^h'd and weighed. 

Tlse weight of tho H.ask lilletl with tho 
liijuid whoso sp. g. has to Ijo delermiiusl 
is ascertiiinHl in a similar way. Of 
course the tempemturo must lio tho 
same. If the litpiM do^ not mix with 
water, the bottle should Is? drietl liofon* 
filling, but otherwise! the thu^k noo<i only 
rinsetl out two or three times with the 
liquid. 

Having ohtiuncsl the three weighings, 
deduct the weight of the lji>ttlo from 
each of the others to get tho weights of 
the water and liquid r»s|)ectively. Divide 
tlie latter by the former, the n?<»lt shown 
tlie sp, g. As an example, toko the fol- 
lowing, in which a rather largo ap. g. bittlo was us<h1 

I. Weight of biula 19, 299 gram 

Jl, Weight of bottle and water . , , . si.S^ „ 

3. Weight of bottle aac! paxaflSo . . > 73-1^ « 

By tubinu ting 1 from 2 and 3 the result ia ti« followt 
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tft.884 grfttnf 73. 146 grams 

39-299 M 39-299 « 

42.585 of wntcr. 33.S47 of paraffin. 

Hi vide the weight of tiio pnmfiin l iy tliut of the water— 

42 585)33??37o(o.7948 
2 g.Ji:j 95 


The i?p. g. of the par^fl'in is 0.794S. 

The *p. g. rif a fiislUe »olul may be obtained in the same way at 
B teinpcmtiiro wune ilegrt*cs alwve its fusing point. 

Thf sp. g. iff « jxnoder or gravel sujfivientlg fine to pa$$ 

thnmgh thenrck of the lnHU is easily detennineJ. Jf the bottle 
IllitHl with w'aU>r wfiglis 50 grains, and there is placed on tlic pan 
alongside of it 20 grams of a s;imi. the weight of the two t<^'ether 
will of course Ikj 70 giiims. Jjut if ilte sand is put in the lx>ttle, 
it evidently displact* its (jwn bulk of water ; and if, on again 
wciginng, the weiglit is fourai to b<* 62 instead of 70 grams, it is 
hcejiu.se the 20 gniins of s;ind Inis displaced 8 grams of water. 
Bulk for bulk, the sand is 2J times jis heavy. 

In practice, the weiglit of the Ixitile filled with water will pro- 
bjihly be already known ; if not, it must l>o determined. A 
cerbiin quantity, wiy 20 gnims, of tlie |x>\vdered sulistam-e is then 
trinsferred carefully to the bottle. The battle need not l>e dn* 
inside, but its neck and outside must In making this tmiis- 
ference a careful worker will make no loss, and tlio mode of work- 
ing saves a little time. But it is Ivlter to w’eigh the dry fla.sk ; 
put into it 10 to 20 grams of tlie fK>wder. and weigh again. The 
incrtvise in W'oight gives an-umtely the weight of j>owder in the 
Iwttlc. About tv'o-thinls till the Mtle willi distilled water, and 
mix with the powder Ity gentle .shaking. Air bui)bles will disen- 
tangle themselves, and ri.se to the surface of the w’ater. Wash 
hack anything adhering to tlie stopper witli a jet of water, and fill 
the bottle almost to overflowing. Allow* it to stand for a minuto 
orsoj replace the stopper ; warm to the reipiii'e<l temperature; 
take olT the superfluou.s moisture ; wipe and weigh. As an 
example, take the following 

l. Weight of bAtt lo 12.6S1 gmfni 

s. „ „ bottle fillwl with water , . 377oS ^ 

3 * « (, bottle with wolfram , . . 40.S21 ^ 

^ m n hotUe with wolfram and water . 61.199 « 

F 
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SalAmet (i) from (3) to get the wwght of woUrom taken t 
40,821 grama 
13 . 68 i n 


38. 1 40 „ 

add the weight of the wolfram to the weight of the bottle filled 
with water ; 

28.140 grama 

37. 70S ,1 

65.S4S ^ 

subtract (4) from this to grf weight of water dis[>laecd : 
05.S4VS grams 
61.199 n 


4.f>49 M 

Pivnde the w'eiglit of (ht* w.^fram hy the weight of the «.i?er 
diaplaceil to get k|‘. g. ; 

4.649) 28.140(6.053 

37.Sij4 


1/ thi \i iiivU* in rf/yr. or to #v^me 

liquid other than water is um d. J’aralijij oil or oil <»f t«r|>er5lit;e 
wUi do. The j>nKess is as follows The w’eight of the dry and 
empty bottle iiaving l^eeti iletennined, add a sudinoney of the.snlv 
ataiu-e and weigh aL^mn to find how mueli han been added. Till 
np with paranin oil and weigh ag iin. Clean out the Milistnnre by 
riiii^ing with paraffin ; till uj* and weigli, Odoidate the sp. g. as 
if w'ater had Irf'en a-ed, and multiply by the sp. g. of the piratlin. 

Fur exmiple : 


I. Weight nf hot tic .... 
a. „ „ nitre , 

3 - „ and pmHia . 

4> M M 6‘>tile and j«ur:ifiin and nitre 

5- N tf U/ttle and water 


JO. 200 grams 

7 J- 1 M 
84.txi> ^ 


First from ( i), ^3), and (5), caleukte tlie sp. g. of the parathn 
AJ* already shown. It will Iw 0.7948. l>educt (i) from (a) to 
g*tt the wetgiii of the nitre : 

57.830 grams 
39^99 w 
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•jd thto to (j) : 18.531 gram* 

73146 » 


91.677 „ 

«ju] deduct (4) to find the weifslit of the equal bulk of paraffin i 
91.677 grams 
84.665 „ 


7-012 „ 

divide Uie wt*igbt of the nit nt !»y the weight of the paraffin : 
7.012) 18.531(2.6427 


Tlie Kp. g., fjihing p.'jjailitj fts the #.tanflar»l irjRtead of water, is 
2.6427. MMki\AY lU'ift Viy the o. 7 <) 4 ^,aiv 4 l\ie’»- 

suU is 2.1004 tiH tiie Rp. g. of nilro coinj«imi with water. 

Similarly, a Rp. p. c(jinpan*fl ^^ ^th water at wty 50" C. can be con- 
verted into one eorniwn fl wlt)i water at stamLird temperature, by 
nmltiplnng by the sp. g. of water at 50* C. The following table 
gives tlie sp, g. of water at various tempc-mtures : — 



Rp. 0 , 

Cff turnoff. 

Bp. G. 

Desrrw* 

Cfbti^rmde. 

Spw 0. 

4 * 

l.OOOQ 

20* 

O.99S2 1 

! 40 * 

a 9923 

to" 

0.09*^17 1 

25* 

0.9971 i 

[ 5 o‘ 

0.9^1 

* 5 ‘ 

0.9991 j 

30' 

09957 ! 

1 >■ 

■■ 

0.95S6 


If, for example, ^ sul>stanee at 50' C. has a .'ip, p. of 0.9010 as 
compared with water at 50* C., it will have (compared with water 
at 4' C.) a sp. p. of 0.9010 X 0.9SS1 ; or 0.S903. The figures 0.8903 
represent the sp. p. of the snhsfaiire at 50* C. compared with water 
at 4* C. Kxeept in eomparinp the sp. gravities of the same sub- 
stance at diflerent UMnjx* rain res, a calculation of thU kind serves 
no useful pnr|Kyse. 

I n takiiuf iM tprtiftc grurify of a «olui not tn pouxier^ a lump of 
it IB freed from loo.'it' partielvs and its exact weight determined. 
By mean.s of a horse hair witli a slip knot it is suspended to the 
balance, ifnd lieneath it i.H placed, out of contact with the balance 
pan, a beaker of distilled water. The horse hair must be long 
enough to keep the mineral well l>enpath the surface of the water 
60 08 to allow the balance to vibrate. Air btibhlcs are removed 
by touching with a cameMiair jyencil. Whilst the mineral is 
suspended in water the weight w again taken. It will weigh lees 
than before, and the difioreuco lietwoeu the two weighings gives 
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the weight of water (and consequently the volume) diepUced by 
the mineral. The woi;:ht in air divided by the ditlerenco is the 
tpecifio gravity. Thus 


Weight in nir 3^2i7ogmm« 

Weight in water ...... 1.7050 „ 

Difference ... . a 5 uo gram 


3.2170 + 0.5120 wjuals 6,2s, the sp. g. 

The sp. g. of a sul)istiirK't> doponds nnunly ort iu comi>oaition» 
but is flilected by eiutain conditions. Tho idVw.’t of tomjKjra- 
ture has l>cen alivady ctujsidcmi. Air holes arid empty sjiaccs 
lessen the S|HH'ific gravity td otherwise judid l»o<lies ; and niiduls, 
which after fusion Ixrome iinjH’rfwt j^dids, have their density 
increased by hammering or ndling. lUit inetids when free 
from |X)res have their derisity diminishiNl when ndled, without 
annealing. The ellVvt.s uf these conditluns are slight when 
comparoil with tliost> due to the juvsence of impurities. 

For simjito suhstancos, or inixturt'S of only two sulistanct*«, 
a determination <>f .sp. g. is a sutHeieiU chisL'k on tlie coiajsisitioit 
for m;uiy practk’jil pin {ioses ; and with more ttmiplex niixtunt^s, 
such as sliigs and some ut tfn> prislrn’ts of dn^ssing (ijw'nitions in 
which the material ihns not diUVr much in its nutun* fi-om time to 
time, such a determination will yield informathm of ix^miiderrihle 
value, and afloid a cluxdc u|K>n tlo* pro|»'r working of a prs-^ss. 

When the mixing of two i.s m'omjituiiiNl hy a < hange 

in volume, tlio sp. g. of tlie mixtu«-e nin indy Iv learnt by experi- 
ment. But when tlie substances have no such arlicm on <?arh 
Other tho resulting sp. g. nin b(» calculutisl. 8<unc of tliese mlcu- 
lations h.ave a practitTvl interest as well as an esbiaitional value. 
Students should pnirti>e tlicm so ns to UM‘i>nie familiar with the 
relations U‘twet‘n wei;,dit ainl volume. 


Wh^n iiiUtancKS urn* witm/ htj tho sp g. of the mixture 

w tliC moan of those of its ftui.stituonis, and mny l>c cnlnilat<si 
in tlie u.-u.tl way for oUtaitiing avi'nigs-s. 1 c.c. of a sub 
stance having a sp. g. of 1.4 niixe*l with 1 c.c. of another having 
a sp. g. of i.o will yudd 2 c.c. of n suli^tann'i having n 
up. g. of 1.2. If, hrovfver, wo write gram insUwl of c.c, in 
the al)ove statement, tho resulting sp. g. will U 1.16. The 
simplest plan is to n'lnemls'r llmt the sp. g, is the wdgftt divides! 


by tho volume (sp, g. ^ nnd tho sp, g. of a mixture is the sum 

of the weights divided hy tho sum of the volumes (sp. e. •» 
le + w' + Ac.\ r , , , - . . 

r + t' + ik<r /' ” ^ aliove exam [do the sum of the volumes 

is 2 cc. ; the weighu (got by multiplying each vdumo by iu 
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corrflRponding sp. g.) are i .4 gitmi and i gram. Tlie sura of the 
weiglito divided by the sura of the volumes is ^ or 1.2. 

The «i>. g. of n mixture of lo c.c, of a substance having a sp. g. 
of I.*, with 15 c.c. of another having a sp. g. of 1,5 may bo thus 
found : — 


sp. g. == 


12 + 22.5 


1.38 


multiply each volume by iu sp, g. to get its weight : 

10 X 1.2 = 12 15 X 1.5=: 22.5 

add these U>gether (12 + 22.5 - 34.5) and divide by the sum of 
the volumes (10+ 15^ 25) : 

25 ) 3 -(- 5(‘-33 

^1.. 

95, ic. 

The sp. g. will 1 k> 1.38, provided the mixture is not accompa- 
tiii‘d by any chan>:e of v»»Inine. 

The Slime forum hi will MU*ve when the proportion of the ingre* 
dieiits is given hy w‘ej;.;lit, A mix tun* of 4 parts hy weight of 
-alena {f^p. g. 7.5) witii 5 parts of Memle (sp. g, 4) will have a 

n>- y- 5 °^ * 


4+? 


.8 = 5 -“'^ 


sp.g. ^ 

0'5J " 1-25 

It is neoe^sary iu tliis cjiso to m leu late the volumes of the 
pilena and of the blende, wldch is dura* hy dividing tlie weights 
hy the sp. gnivith^: thus, 4 ilividnl hy 7.5 gives 0.53 and 
5 dividtsl by 4 giv^-s 1.25. 

The t'onvei's*’ pn>hleju is a hide more dijlienlt. (Jiven the 
sp. g. of a mixture and f»f t^avh of ti e two ingntliehts, tlie per- 
(i‘Utage by weight id the hwivu r ingn'ilii i.t may l)e ascertained 
I'V the following rule, which is Ih^I cxpie.*sMH| as a formula. 
There are three sp. gnivilii^> given ; if the higliest Ik* written li| 
tho lowest L and that of the luixtun* M, tln-n : 

. , ICO X H * (M - L) 

i erci'ntage of heavier minettu - jj 

Ruppoee a sample of tailings has a sp, g, of 3.0, and is imidd 
up of (pmrt* (j«p, g. 2.6) and pyrites {>p. g. 5.1): then the per* 
rentage of pyi’ilf*!^ is 27 ; 


100 K 5 t K (3 - 2,6) 510*0,4 204 

3 - ;S-» “ ^ 3 ' 2-5 7-5 ““ 

The same pix^blem I'oulti lie ttolveii with the help of e litUe 
algebra by the nile aln^wl)* gi\eu,«ui thus: the sp. g. of a oiixtuitt 
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equals the sum of the totighu of the con$)titueuts divided by the 
fiuffl of the vUmia. Then loo grams of the ttiilings with x per 
cent, of pyrites coutaiu loo-x j)er cent, of quartz. The sum of 


Uie weights is loo. 
. loo-^ 


The volume of the pyrites is and of the 

5 ** 


Then we have by the rule 

/ X 1 00 — x\ 

3 = 100 -i- - + y— ) 

\5 > / 

_ 

^ “ 510-;. 57 
204 = 

and X = iy,t 

If the percentage (P) and sp. g. (H) of ono constituent and tlie 
sp. g. (M) of the miitua^ ai'o known, the sp. g. of the other 
Btituont may be ciUeulated by the folio wmg formula, in which 
X is the required sp.g. : 

1*) X M X II 
{100 X il ; X rn) 

For example, “ tailings’' (>p. g. 3 o) i\.niaining 27.3 pt>r cent, 
of pvrites (sp. g, 3,1) will conuiiti (100- 27*2), 72. S per cent, 
earthy matt^ having a mean .sp. g. of x : 

^(100 - 37.2) X 3 X 5.1 
(lOOX 5 .i)_( 2-.3 xj) 

= -2.6 

42.V4 

The diflerenc't^a in sp. g. eorrtsj>onding to difTenuires in strength 
have been carefully determined and Uhuljitod in the ot-ic of the 
stronger acid.s ami of many other liquids. Such tahlea are given 
at the end of this Uiok. 


To CaiciUat^. WYvjhl n/ a Mtiuoud VUuim of Sfinerol or 
Aoc*:.— Multiply the cubic fwt by 62.4 and then multiply by the 
ep. g. of the stuff, the an.swer givtrs the wciglit in pouinR For 
example, joo cubic feet of .puuu weighs 100x62.4x2.6 = 
16,224 Ibs.^ Tim weight of any ncess rd iniiicnii of know^'i extent 
ftud sp. g. is ascertaim-sl in this way. 

The following table gives the s|Hx;iac gravities of some of the 
eommoner minerals. 

Baryte*. 

Blende . 

Calcite . 

Caiadterite 
(Mybim 
Copper pyritei 


. 4-5 ; fhi^r . . , yi 

. 4^ ; (iaiena . , > 7*5 

• 26 i H:i<matite , . 

• 6.9 I UU|iickoi . , 6,2 

• S'® i fyrite* . , . 5 jo 

« 4-‘3 Quaru . .2.6 
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CHACTER IX. 

SILVEK, GOLD, CYANIDES, PLATINUM, 
MEHCUHY, 

81 EVER. 

SiU'KB Li widely {lilTas;e‘d, and h;us bcon fdund in most mining 
diislrictii. It occurs native in sullicivnt (juuntityto cojistitute one 
of the chief ores of the metnl. It also occure combined with 
sulphur (as in argcntite), with .sulphur and antimony (as in ste- 
phaniUi or brittle silver ore, and in pyrarg)’rite or ruby silver), 
and with copper, sulphur, antimony, and ars^uhc, as in polybasite. 
Chloride of silver occurs native as horn silver or kerarg\'rite. 
Silver is found in the ores of other metals, such as fablerz, which 
sometimes contains from two to ten |ht cent, of the mehil, and 
galena, which is an iinjxirtant source of it ; in fact,g;ilena Ls never 
found entirely frt*e fnuii silver. It is present also in greater or 
less quantity in the on»s of copper jmd zinc. 

Silver dissolve.^ n^adily in nitric acid, forming silver nitrate 
It only forms one famHy of salts, and of tlnse the chloride and 
nitrate are of child imiKirtanco to the as.saycr. The fonnation of the 
chloride of silver on the julditiou of hydnxJdoric acid or a soluble 
chlorido to the ihlric acid solutioTi, w^rve^ for the itvognition and 
scponition of silver. The pnxhpitated ciiloride is while (becom- 
ing viole? on exposure! to Hglit), insoluble in nitric acid, soluble in 
ammonia, hyixisulphite of soda, or aHuvutniUsl solutions of chlo- 
rides. The lK*ist confirmatoiy test is made by w i'apping tho pre- 
cipitate in a little Khoet IcJid. and cupelling, when tlio silver will 
bo loft in tho metallic .st%ati», jind is e^Lsily rocoguizwl. 

Dry Aasay. — ^Tliia assay ia made up of two parts: (i) the 
oonccntmtioQ of the aiivcr in a button of leail ; and (a) the 
cutelktion of the reeulting alloy. The ouucenuutiuu of the 
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button of lead may be ofTected either by scorification or by fusion 
in A crucible. 

The BcoriiiadioD o^^say ia |)erfurua*tl in a acoriher) which is a 
shallow opon-inouthetl tlish about si inchas across, with a very 
thick bottom to enable it to withstand tho corrosive action of the 
slag, A charge of moi'e than 3 or 5 grams of the ore cannot be 
worked in one, and with such siiudl cimrges the unavoi<iable 
variations have a serious effect on the figtm?s rejx>rte<l. A differ- 
ence of one milligrmi on the weiglit of the button of silver g<Jt 
represents a difference of 6 or 10 ounces per ton. With rich 
or^ such vanution w unavoidable under any conditions, and the 
only safe plan is to take the m«in of sevend assays. But with 
poorer ores the accumty of the assiiy, as well ns convenience in 
working, is much increase<l by working in a crucible with larger 
charges. 

In scoriliciUion the pro[>oi tion of lead ns|uii-eti for scorifying 
I gnim of ore is in avenige ciw‘s ftMtu 10 to 15 gmms, sinking in 
the case of galena to 3 grams, and ri-xing with earthy and ra-fme- 
tory siiliistatu'es to from 30 to 40 gnuns. 15 ut hv fusing in a 
crucible with well-si'lected llu.vrs, a pix»p<rti«n of 4 of lha to 
I of ore is genemlly suflieient ; ami not only is tho pro|>ortion of 
addeil matter less, but it is als4> rasicr to manipulate largt* (pian- 
titles in crucibles, so th.it, although in s<»nie c.a.M*s the enicildo 
assay is more trouhl»*some and less s.i?i>fact<'rv, vet with |ti>ot 
and earthy ores it is the U st met lax) of dealing w ith them ; while 
when properly worked it yivlds iT>>u!t.s as atTuiwU^ Jis scoriiicattoii 
does. As a geiieml rule, if imue than 5 grains of oro must bo 
taken, the cnu ihle aj-say should U* :ti!ijpt« d, 

Scoriflention Assay — bhe ehargt? of ore Is usually 3 g'rains, 
srmietimes 5 ; tlie h‘ad varu-s from 30 to ;o grams, and the quan- 
tity of soda, U>rax, or p<ov(i.*n*d glmsji mldtxl varies fnun 0.3 to 3 
or 4 grams. It Is generally ret runmendtsl to have the U^ad grnnu- 
Latetl,* and to mix the ore with about half of it in tho itconfier; 

then to put on the rest of tho lead ; and 
tirndiy to sprinkle tho bt>rnx or glass 00 
thu t*>p. It answers just as well, how- 
ever, w use the lea<i in tho shape of 
foil, and wrap tho oro up in h ; and if 
the ore contains much sulphur, the 
Ikjhix m.ay with advantage bo mhlcsl 
(wnipfH?il in a little ti>amo paper) wmo 
jve or ten minutes after the op*ration has started. 

* Lead may be Kranalated b; boating It lo a little above the m ot M p ff 
^ot. pooring It Into a elosed voodeo box. and rapidly eilutlog H liS 
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The ^T0C6BB of acoiification is bs follows A soorifier (fig. 38) 
of cooveoioQt sue having been eelecud (one 3^ inches across ia 


most generally 

dried at a gentle *-3 " ~ ” 

bent for about Fio. 39. 

ten minutes. 

The cl»argo is then put into it, and it w introduced, with the 
help of a scorifitT tongs (fig, 39), into a umfile heated consider- 
ably above redne>ss. The niullle is then eltjsed, ami when the 
metal has melte<l down, it is o[>ened, hut t]je teiufientture is kept 
up, A ring of slag will, after a time, form around the rneUl, 
and when this appearance (known as the eye) pri*senU iucdf, the 
temperature may be loweretl. When the eve lias disappeared 
^thut is, when the layer of shig 
baa quite closed in — a pinch of jPSj^ | ^ 

powdered culm w'nij»petl in tissue 1 ' ^ ^ 

j«j)fr is adtUxi. As soon as the J 

hlag has again become tnintjuil, the j j ^ <-<'~S*****^ 

stvrilier is taken out, and its lwi* | t ^*^"**^ 

tents are fxjured into a mould (fig. 

40), the slag is detaclusl, . and ^ 

siivchI. If the button of ineta! weighs mort^ than 30 grams, 
its size is rtnlured by anotluT K('oriticalion in the siiine R'orifier, 
which should have lieen rv{daceii in the mulHe immediately after 
the contents liml horm pouretl out. If the ore is not a very rich 
one, tlm button of lead will carry jiractically ail the silver; but 
with rich on*« it is more satisfactory to s-ave the slag, and subse- 
quently to melt it down with the cu|K‘ 1 on wdji<}i liie lead has 
Uxui treatrtl, so as to rtHtiver the silver lost in the slag, together 
with that al/tsoilxsl in the cujxd, at one o|x?mtion. Ur, if the 
cujxdhitum lc*s.s is negicxtixl or i'jUculat<n! in some other manner, 
the sing or sings fitiin the scorifier may lx? powdereil and mixed 
with 20 grams of oxide of lead, 5 grams of ixirax, and 1 gram of 
cluircotil. This should l>o meht’d down in a omalJ crucible, and 
tlie resulting button of !«»! cuixd]e<i. 

If the scorificatiem haslnHUi unsat i.^facto^y, the quantity of silver 
obtained from the slag will by tio means inconsiderable. The 
usual explanation is th.at with sulpluiry ores comiHuinds of metal- 
lic oxides and sulphides (oxysulphidi^s) art' foru unI, w hich remain 
in the slag, retainingconsidenible quantities of the pnxaous metaL 
It is said that under cerUiin tondiiions such a slag may oonUin 


as much as 10 per oenU of silver. An c.\(t^ of lead and a high 
temperature prevents the formation of these oxysulpbidcs. But 
if much oilvor U present in the ore, the shut cunuut be sal^ 



90 


TEXT>B00K OF AfiSATlNa 


throvra away^ even if sulphur is absent, and the process has been 
sati^factarily performed. 

II the crust which appears on the surfooe of the lead does not 
dear, add a small lump of borax and 20 gituns more lead ; then 
dose the muQie, and keep the tempemture os higli os possible. 
If the slag forms projwrly, but shovra uiifused or only huif-fused 
lumps, even when the soorificntiou has pnjceetled for some time, 
add more borax, and stir with an iron mi. The slag atlboring to 
the rod must be detached by hammering, and it'pluml in the 
Bcoriher. 

If the or© consi:>t« largely of quartz, stxla should bo added 
instead of boiiix ; or, if it uf attains much copper, |K>wdered quarts 
may be us<h1. If the seuriiier at the end of an opemtion is more 
than usually corroded, tho bonix should be itqduced in 8ubse<iuent 
assays on similar ores by powdered ghuss or ipiartz. 

If a fairly tiuid slag is furmtMl which iloos not clcjir from the 
metal and show the more lead and a inghor teraj>eraturc la 
wanteil. 

As a general rule, it may Ixj s^atcil tlmt when a scorification is tin- 
satisfactory, wliat is wanted is inoi*© heat, nioiv lead, or more biu-iix. 

It is a safe plan wlien work h:\s bo d<ine <»n a stiangeon', to 
make three or four assays with varying quantities of lead. The 
proportion of lead is right when a furtlier addition diii's not yiidd 
a higher result. Tlio pi-^qn^r projxjrtion having been found, a 
note of it should be matte for future use. 

POT ASSAYS. 

The object of the fusion in a crucible, like that of scorifica- 
tion, Ls to concent mte the silver in a buttori of UkuI wliich 
is to be «ul^^^*qucnlly cujsdled; and to retain the earthy and 
waste matt«'i>i in the slag. It is nmTjvSijry to cutwder tin- (piality 
of the slag and the weight and (puility of the le:id. The slag when 
fused .-tliould ijo liquid and horie»geneou8, and not t<KJ aimwivo on 
the crucible. The button of lead should ]>e .Wt, inaileable, and 
free frt^ra a coating of reguhis,* In wedght it should not dilfer 
much from the ore taken. With 20 grania i»f on», for example, a 
button of l<-iid weighing from iS to 25 grains wdl boiiatLsfactorY : 
k«s than this wouhl h-ave an undue [mq^ortiun of siker in the 
slag; and more wotild lie tinnctt^sarily Urge for cu|Hdling, and 
would incrcaw? the loss in tliat o|)eration. 

WHh average ores, take 20 gmm.s of the jMiwderrHl nn? and mix 
with 30 grams of ** .nodu/' 40 gnims of red lead or litharge, 5 grams 
cd borax, and from 2 to 2.5 grams of Hour, and place in an K cru- 

* A rod of iron pUced In the cradble with the wUl decoiupviv 
Mr revidos that uuijr be fonaea 
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cible (Battersea rouuil). Put these in the furnace at a red beat, 
cover the crucible, and gradually raise the temperature until the 
whole charge has melted down and is in a state of tranquil fusion. 
Four into a mould, and replace the crucible in the furnace. As 
boon as the lead is solid, detach the slag and put it back into the 
crucible; and when it is again duid, cliarge on to it with a copper 
scoop a mixture of 30 grams of oxide of lead, and i gram of char- 
coal : when fusion has again become tranquil, pour and detach the 
button of lead. The lead buttons should be hammered into discs 
with rounded edges, and be freed from shig ; if too big for a cupel 
they may be scorified together in a small scoiiiier, but it is better 
to cupel them seprately. 

Ores containing Motallio Oxides.— Peroxides of iron, 
manganese, and cop|>er interfere by counteracting tije effect of the 
charcoal or Hour, and thus inducing the size of the lead button. 
Peroxide of iion will reduce the weiglit of lead by a little more than 
its own weight ; and j>eroxide of manganese has about twice this 
ellect. Wlten these oxides Jire present an additional quantity of 
dour must bo US4,*<1, and precautions must lx* taken to prevent re- 
oxidation of the slag by the furnace gases. This may best be pre- 
vented by using a layer of ceiinnon salt as a cover to the charge. 
When the on-s contain a gootl deal of quartz or stony matter, the 
fluxes just given (for uvcr.ige ores) will do ; but the proportion of 
sotia should bt-di in inis lied, imd that of the oxide of lead, and 

flour increastd iis the quantity of metallic oxides Inrome gresxtcr. 

1 f the ore contains praetically noqimrlz, the s< da may U? altogether 
omitted, and stiine glaxs or jsovtlered (piartz ad<Ied. The following 
charge may l>e taken .-is an example ; weigh up 20 grams of the 
jK)wder<Ml ore, 15 gnims eacli <d “sikIu’^ ami biu-ix. 60 grams of 
oxide of l«td, tuid 5 gnuns of flour. Mix and ]'lace them in an E 
{Tucible, .atid cover with a layer of from a tjuarter to half an inch 
of common salt. Place in the funiaco as Udonx Tlie .siilt will 
give oir II considerable amount of fume, wliit li will, to a cerLiin 
extent, ooncciil the state of the charge : w lien the crucible bis lieen 
in the furnace for al>out 35 minutes ixunove it and pour out the 
contents imme<iiat<‘ly. With ort^s that pHsliue a thick slag the 
addition of 5 g^rams of fluorsjiar will W an advantage. It may 
happen tlflit with an unknown ore the first aAsay w ill be more or 
less nnsatis factory : but from it the mHx s,sil v for adding nioi'u or 
less flour will Iw loamt, and a wind iLss.ay, witli the nmwsary 
modification of the charge, shouM give a g^xxi result. 

Ores ooQtaining much Sulphides.— Orea of this class may 
be eesiJy recognized, either by the ap[M^ar;ince of the minerak they 
contaiii or by the odour of sulphurous oxide (SO,) which th^ 
evolve when roasted oa a spatula. The .^ulphidos utust commonly 
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pmt«8, £»I«w, We»<J«- w/ntm-nt w 

only n modorate aniouat, their eM^t is siBipl/ tn i/ir/mm the 
weight of the button of lead; and this is easily counteracted by 
reducing the amount of flour, or by omitting it. When in larger 
amounts, tJiey not only yield large buttons, but also render the 
metal sulphury, somotiines even giving a button of n^gulus insteatl 
of lead. This last evil may Im? remedied ( i ) by putting in a rod of 
iron as soon as the chai'ge Ims fuja-ul, or (3) it may Im) <X)unteracted 
by a pioper addition of nitre, or (3) wlien the sulphitics ptosont 
are only tht>se of iron or copper the sulphur may l>e removed by 
calcining, and the 010 converted into one of the chuss contuning 
m etall ic oxides. The cal cin a t ion is e fl ected ns f ol lows ; — Wei gli u p 
20 grams of the powdered ore and place it in a wide mouthed 
crudbie sufliciently largo to pt>rforn) the sul»seciuent melting down 
in. Tlio n^iusting must bo done at a gentle beat at first, so as to 
avoid clotting : tlie mouth of the crucible should projtvt con.sider- 
ably aU)ve the coke, ami slnaiM forwanl towanls the worker. 
Tile charge must W (,>ci-aMini;i!Iy .-uired with tlie stinxT (lig. 10) 
re as to ex^Kxsc* surfaces tn tlie action of the air, and to pn'- 
vent adhesion to tlie sides of the rriuil>le. Tlie >tiiTerHhouM not 


l>e reir.ovet! till the c-alci nation is fioL'iheil. The lem]>enuure 
should Ijc rai.-s.'tl at the I'ud to a geol red heat ; ami (to ensure the 
di‘ 0 «>mp 05 iitioii of any siilj-hate th.it may Ixj f*>nm‘<l) the roasl^s! 
ore sliould U* rubUil up in a uioi tar willi a pim h of anthracite, 
ami again calcined. It is then inixtsl w ith fluxes its descriloxl, and 
fused in the .same i rm ible. 


The c:dc in.it ion of an ore is ii work (Hmipying a good dc^il fd 
time, and, in mo^t cases, it i.'* i»iifer (o take advantage of th** 
desulphuH/.ing jK»Wrr of led le;id or nitre. lie»l lead by ita*]! 
w'ill do, but a large ipiantitv of it vrili lai rcapuretl; j part of a 
metallic .sulphide neisis frnm 20 to 50 piirt.s of iisl lead to yield a 
button flee from sulphur; wheretis at most from 2 U> 3 j parte of 
nitre are suflicient. There is sometiim^ an advantage in Iwvjng 
a considerable excess of oxide of icftil in the shig, hut where there is 
no «uch reason, 2 piirts of reil lejul to i of ore is enough. A charge 
which wrill do for most sulphidea is tho following : 20 grams of 
ore, 40 to too grames of reil lead, 30 gmms of “ soda/' Jof btirax, 
and sulEcient nitre (or perhaps flour) to give a button of alsuit 
25 grams of le;id. Hoiv much this must lie (if not already known) 
may be approximately determined by fusing 3 grams of tlie ore 
and 3 grams of "wxia" in a snuill crucible (U) with 50 grams of 
litharge (not red lead) under a cover of salt, and weighing tho ro- 
suiting button of 1^1. Hubtnut 3 from tho weight of Itmd ^>tain<slt 
and tba diilercnoo umltiplied by 1.3 will giro tho ^uanlit^ io 
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grams of nitro required* If the button of lead weighs ]m than 

3 grams dour must bo added Jf this w not astisfaetoty repeat 
the Bsmff sliding an extm grum of nitre* for each 4 gram of lead 
in excess of ibut requinai, or i gmm of flour for a 12-gram 
deficiency. 

In tho method in which iron is aa a de-sulphurising agent, 
only as much oxido of Ica<J should 1>*‘ added as will give a butUo 
of lead of the rcKjtared size. IbitluT :i large button of lead should 
lio got, and the sljig should be stnujgly alkaline \ if the ore does 
not alrejuly c:irr)' a large amount of sulphur some should be added. 
The fusion should Ixj i)erfornied .at a low ternpiTaturo (similar tr» 
that for a gaUuia a.ssrty), and shotild be continued for some 
time after it has lx*come tr^viif|iiil. Take 20 grains of the ore, 
40 grams of “wnla," 40 gnims of oxide of leiul, and 5 or 10 
grams of Iwrax ; plare this mixture iu a crucilde (with a rod of 
iron, as in the grdena ass^iy), rover, anrl fuse for about ludf an 
liour. Take out the rtsl, wjLshing it in the slag, and, in a minute 
nr two, js)ur Clean aiid rujKd the but I on of lesul. 

Ooneral Homarks on tho Fusion. Other t lungs being equal, 
the smaller tho quantity of the slag tlie I«*lter, pmvided there is 
suflicient to cover the metal. Tho f*res(‘nce of isToxides of the 
lieavy niotaU is prejudicial, Kituie they tend to increase the quantity 
of silver r(‘bvined in the .slag. It may bo given as a general rule 
that when iron, cop|X'r, manganfsas At., azx* there is a more 

than onlinary nw*<l for cleaning the slags, and care must Iw taken 
to keep these metals in tiu> state of lower oxide. 

In selt'cting tho fluxes, it should be remembertHl that soda is 
the best for quarts, and Iwrax f»>r lime anil metallic oxides. And 
that with ores almo.st free fnun g:ir)gue some quartz or glass 
sliould U* addwl to prot^Tt the cnicilde. Two jiarls of soda are 
enough to flux 1 p.irt of quartz ; whilst of Iwmx, or oxide of lead, 

4 |iarts are l>ar«dy sutllcicnt. Cxidc of lea^l lias the advjintage of 
lieing heavy and so d^M* not o<x’upv min h spa<T in the crucible ; 
on the other hand, if tho melting down bo porfornicii too quickly, 
or if oxi<le of IoikI only Is used, this high spvlfic gravity is a dis- 
advantage. fiir tho lighter eartiiy in.attor ibals as a pasty mas s on 
the more fluid oxido of lonr], and thus esc.qios its action, 

When yietallic suljiliid« are pre,s4*nt in the ore, an excess of 
oxide of lead helps to kisq) tho sulphur out of t lie button of tocIaI. 
fn mldiiion to the oxido of le:ul nM|uinHl as a flux, some will be 
rtqiiiaHl to provide the leml in which the silver U to be collected. 
Oxido of lea*!, mixed with cluuvoal or flour, yields, when heated, 
a multitude of minute buttons of mcul uniformly distributed 
through tli6 mioyf of the chaige ; as the ch.arge melts down these 
nin i^igetber and fall to Urn bottom ; this shower of lend ooOecU 
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the silver more easily than a single button at the bottom of thi* 
crucible could do. Only that portion of the oxide of lead which 
Temains in the slag om be considered as a flux; very often the 
first indication of an excessive reduction of lead is the pastmess 
of the slag rendered thick by the withdrawal of the oxide of lead 
which would have kept it fluid. If, in an assay, it is found that 
5 parts of flux are not sulBcient for i part of ore, the remedy lies 
in using a diflerent flux rather than in taking a larger quantity. 

On the liednein^ Efftet of Charcoal^ /Vowr, mul Tartar.— The 
weight to be got from a given charge will depend (provided sufli- 
cient oxide of lojvd is present) ujwn the proportion of the reducing 
agents in it. Wo have thought it well to illustnite this part of 
the subject by a .series of experiments which the learner will do 
well to practise for himself before proct^etling to the assay of 
actual on**. Take So grams of lithuigo and 20 gnims of a mixture 
of borax and stnla. Fuse three h>ts (i) with 1,5 gram of oharcoab 
{2) with 3 grams of flour, and (3) with 7.5 grams of tartar. 
Weigh the bvittons of lead obtained, and divide each by the weight 
of reducing agent ust d. The rt^sulu will tlitTer somewhat with 
the dryness and quality of the flour, etc., used; in one series of 
experiments they were as follows 

Gram. Or?uti«. Gram. Grama. 

1.5 charcoal gave ;4.o le.ad i charcoal = 32.6 load. 

3-0 flour n VV5 « I =11.2 „ 

7.5 tartar „ 3S0 .. i tartar = 5.0 « 

The use of flour a.s a rwlucing agent h.os many advantagos, and 

it is well to remomUT that i girnm of fiour rMucfs aitenti 1 1 grafM 
of Uad ; and that clK^‘co^ll has twice, and tartar ono-hajf, this 
replacing ethet. 

On the lUihiciYuj Ejf ^t ofChtremL tic,, on E»d Luvl . — Iti.s often 
easier to obtain nsl lead of goo*l quality than it is litharge, and 
by a large mimljer of assayens nvl lead is tlie fonn of oxide of 
lead always u.sed. Re^d load, how'over, contains an excess of 
oxygen which will u-sc up some of the tiring agent Insfore lead 
separates out On making a series of ex(»erinienU (similar to the 
lart, but using So grams of re<l lead instearl of the litharge) the 
results were, with the aamo quantities of the refluring agents 

With charcoal, 18 grams of load. • 

.. flreir, iS „ „ 

„ tartar. 22 „ „ 

Comparing these with the results with litharge, in the previous 
table It will be seen that the same quantity of rorbicing agent ha.s 
in each caee brought down 16 gmmi loss of lead, so that a Urgor 
amount of the rerluring agent roust be added to get a button ^f 



the »Tne weight w that obtained with litharge. To get a button 
of a desiriMi weight, my 33 grama, we must odd reducing agent 
gufljcient to throw down 22 + or 38 grama of lead, which would 
r(K[uir0 3.4 grams of flour. If this amount of flour is fused 
with 80 grams of red lejid, a button of lead weighing 22 grams 
will be formed, the other 16 grams being kept up by the oxygen 
of the red lead. 

If the quantity of red lead diflers from 80 gmms, this rule must 
be modiflod. With 40 grams of reel lead, for example, we should 
mid an excess of reducir>g agent sufficient to throw down 8 grams 
of leaa instead of 16. Similarly, with 160 grams of red lead, wo 
bIjouM mid enough to throw down 32 grams. 

The following rule w'ill enable one to ailculate the weight of 
flour required to product* a button of lead of anv desired weight 
from any given quant iiy of red lead. Kach 5 grams of red lead 
prcj^ent diminishes tiic weight of the h-ml by i gram. If then 
uo (livfdf ihe. \n ifjht of rrd had in a dmr<je by 5, and add thu to 
i/tc irt'iyhf (f had rt^r^uired, (be etim divided by 11 trill give the 
trnght tfjluur utvM be added. Using 80 grams of red lead 
sml wanting a button of 20 grams, we should add 3.3 grams of 
flour 

80 5 16 ; 16 + 20 * 36 ; 36 ir = 3.3 nearly. 

The f<d!(i\vi];g are .s.ime results oijtained wliieli will illustrate 
the rule 


!!«' i ! tiirtj. 

40 j:r;uns 
100 „ 

So „ 

80 „ 


Flo^ir uwi. 
3 gT.\ms 
3 M 


4 

5 


25.0 pnmi 
ij ‘5 •* 
3^0 H 
400 „ 


On th' Ihdochxy nf .l^^//i^V Sidybi’hs. and the OounteT^ 

acting hj/'ct <7 Die suljdiidcs found in o!Y*s will itMluce 

t imtUm of lead from oxide rd lead jtist as flour does ; and, os 
ch.ircoid, flour and tartar diffir in their n* luring .so i^pul 

Weights of tlm (iilVerent mineral suljdiide.s throw down ditTerent 
Weights of lead. 

One gram of iron p\Tite« yieltls aliout 1 1 grams of lead. Ono 
gram of copper pyrites, blende, fahlerz, or niispiokel, yields 7 or 
8 grams of lead, whilst i gram of antiiiiotiito will give 6, and 
1 gmm of J;plcn.a only a little over 3 grams. It Ls evident tliat if 
nn oro carri<‘H much of these sulphides, tlie quantity of It^d iv 
diiced will !» very much larger than that required for an assay. 
To counteract this effivt nit re is adde<l ; j yram u added for tn^ 
4 yramt of Uad tVi r-rcflw of iltat required. For ex,ample ; with i 
*o-gtaia charge of an oro containing 50 per cent, of pyrites, if no 
idtr* were addetl, 1 10 gnune of load would be got ; or, if tbew 
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was not gnfftricnt o:?id© of loa<1 to j-iold this quantity of metal, th« 
imtiwn woulii 1)6 sulphury. To miuce the weight of the button 
by 80 gramineR, we should mid 20 grams of nitre, if litharge were 
us©<l; or if ro*! lead wei*© usmxI, we should add 16 grams of nitre, 
gittee Vte oxuUzin^ tffa't of 20 gram* of red leatl m tsguirnlaii to Uwi 
of 1 of nitrty and since 80 grams of rod Iwnl are gonemlly us<mI in a 
charge. Two assays of an ore of this kind with theso quantities 
of nitre gave 26.0 grams of load with litluirge, and 22.5 grama 
with reil lead. 

It is best to iLse in these assays So gram.s of red lead, 30 of soda, 
and 5 of lionix. with 20 grains of the ore. If the lead got l)y the 
pndiminary fusion in a small crucible with lithargo (ilescril>ed 
UDiler "'art's routaining innrh SidphaUs") is known, tlie following 
table will indicate the quantity of nitre, or tlour, to bo mlded with 
this charge : — 


trad P'S in Crk liminan Vation 

Fliuir to be* 

Kitr« to b« irMM 

■rilh \ liTiriii Ore. 

lu lb* Atuy. 

(0 tlif Am;. 

0 0 ‘."nun 

3.3 grams 

none 

3.0 1,'fiittlJ 

1.3 gram 

— 

0.0 „ 

none 

4.0 gruns 

90 » 

— 

9-0 H 

1-0 w 

— 

14.0 „ 

150 M 

— 

19.0 „ 

IS 0 „ 

— 

' 24-0 It 

ai.o „ 


29.0 „ 


If litliargo is ns^^d in tlio as^ny instead n**! load ^ grams more 
nitre, or j.; gnm h'NS ilmir must bo u.siii. When more than a 
few grims of nitre arc added ton charge the proportirm of “soda" 
and fK)r.ix .should l>t* incn aMMl, Ix'cmu.sc one of liie pnxIiK'ts of the 
reaction of nitre ujM>n snlj»hid»'S in the presence of sum la is sulphnte 
of sexia, and l^ecause the “ so* la " thus usi'd up no longiT serves as 
a flux ; more U>rax should addisl, as it is the Is^st Ilux for tlm 
metallic oxidt^ whicii ure formed in the pnaacss. If in an assay 
too large .a button of lea^l i.s got, even after this (’alcnlation leis 
been neule, and the assay is n |M>at*al. add I gram more nitre for 
each 4 grams of !f‘.ad in excisiS. Kiiinetinn^ the assay nppr*ars 
tranquil l)efore the nitre Irus proiluml its full eirect; in such cases 
it is well to soize thrMTiicil)le with the tongs and mix iuVusetl c<»n- 
tents by rotating them ; if thiscaiisesaneffervesoonce, thecmcihlo 
should Ixj nq>hua-«l in the fire and the fusion cstittinufHi. The fol- 
lowing experiments will illustmto the extent to which the above 
mies may be relinl on. In all of them the Mandard flux wis 
used, viz. So grams of nil l«wf. jo of sorLi, and 5 of borax. 
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/Vrt^* 

• 

• 

5 

5 

5 

5 


j- 

fO 

*5 

30 

Qaarts . 

t 

« 

— 

20 

— 

ao 

17.S 

*5 

10 

5 


Nitre . 

• 

• 


— 

5 

5 

— 

4 

16 

28.5 

At 

Liead got 

• 

• 

42.5 

36.0 

16.0 

19.0 

II -5 

22.5 

zi s 

26.5 

27.5 

Copper Pjfriiet 

• 

8 

8 

8 

8 






Qoartx , 

• 

• 


12 

— 

19 






Nitre , 

. 

* 

•— 

— 

4 

4 






Lead got 

• 

• 

475 

54 - 0 

33- 0 

26.0 






Antimonitt 



8 

8 

8 

8 






Quarts. 

, 


— 

12 

— 

12 






Niire . 

• 

• 

— 

— 

4 

4 






Load got 

■ 

• 

29.0 

26.0 

130 

IJ.O 






Ooiena 


. 

10 

10 

to 

iO 

15 

30 




Quart!. 

• 

• 

— 

»5 


15 

5 

— 




Nitru . 


, 

— 

— 

3 

3 

3 5 

7 




Lead got 

. 

. 

t 7 .o 

19.0 


8.0 

18.5 

i8,s 





A similar sot of (‘Tporiments, uith So ;'muw of litb 'Tgo instead 


of So grams of rt"i gjive ; — 




T)tTita . • 

» 4 

4 

4 

4 

7 

10 

Quarts. • 

. — 

IS 

— 

15 

13 

10 

Kitre , « 

, — 

_ 

5 

5 

12.5 

20 

lavtd got • 

. 4<>S 

40.5 

^ 5-5 

^4-5 

27,0 

36.5 

Co^ip^T I\jritts 

. 5 

s 

5 

5 



Quart* . 

. — 

»5 

— 

15 



Niiri! . , 

• — 

— 

5 

5 



Ixad got « 

* 44 5 

32.5 


25.0 



JUfntif . * 

• 5 

5 

S 

5 

fO 


Quart*. , 


■5 

- 

fS 

to 


Nitru . , 

» **“ 


5 

s 

iS 


Lea/1 got * 

. 41.5 


tt.s 

21.S 

2t.4 


Antim&niu « 

* 5 

5 

$ 

5 

10 


Quartz. f 


IS 


15 

to 


Nitru , , 

• 



5 

to 


Lead got . 

. 31.0 

3J S 

US 

*^S 

tS.7 


Ooiem , 

« 10 

10 

to 

10 

15 

30 

Q«»rti . * 

* — 

15 


*5 

s 


Nitre . , 

. — 


5 


75 

11 

Ueagoi * 

* m 


13.0 

«4« 

19*5 

«*! 
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The vamtioB in some of these experiments, in which we might 
have expected similar results, is due to the fact that the sulphur, 
and in some cases the metals, are capable of two degrees of oxida< 
tion. For example : iheorotictdly i gram of iron pyrites (FeS ) 
would yield 8,6 grams of lead if the sulphur were oxidised to sul* 
phurous oxide (SO,), and the iron to ferrous oxide (FeO) ; whilst 
if the sulphur were oxidisctl to sulphate (SO,), and the iron to 
ferric oxide, 12.9 grams of lead will bo thrown down. Similarly 
the yield with copper pyrites would bo 7.5 or n,6 ; with blende, 
6.4 or 8.5 ; with antimoiiito, 5.5 or 8 ; and with galena, 2.6 or 
3.4. As regards the metuls, the lower oxide will always bo formetl 
if the assay is carrietl out projH^rly (fused under a cover, and with 
a sufficiency of reducing agent). But tim proportion of sulphur 
oxidised completely ^riil vary with the conditions of the assay. 
With a slag containing much soda the tendency will be to form 
sulphate, and, inconsequence, a big reduction of Itvid ; whilst with 
an acid slag containing much quartz the tendency will lx* for the 
sulphur to go off as sulphurous oxide In a fusion with 

litharge alone all the sulphur will bo liberated as the lower <»xide, 
whilst with much soda it will !><> wholly converttsl into snlpliate. 
For example : 3 grams of an ore containing a gcxal di*al of pyrites 
and a little galenii, gave, when fused with litharge, 16.5 grants of 
lead. A similar charge, cottlaiuing in addition zo.ogram.s of soda, 
gjive 22.5 grttm.s of \eiv\. 

It will bo noted from the ex|H'rimenU that i gram of nitre kept 
up on theaventge4 grains tif li .ol ; the Mnge InMugfroni 3.2 with 
icid slags to 5.3 with verj' Iklsu' ones. Tite.se facts serve to ex- 
plain some appcireutly irregular rewnlu got in practice, 

CUPELLATIOK. 

The prooeM is as follows : — The cupels, which should have boon 
made some time before and stored in a dry place, ore 6rst cleano<i 
by gentle rubbing with the finger and blowing off the loose dust ; 
and then placed in a hot muffle and heated to redness for from 5 
to 10 minutes before the alloy to be cu|>ellod is place<l on them 
The reasons for this are sufficiently obvious : the sudden evolution 
of much steam will blow a cupel to pieces; and, if tke whole of 
the water has not been removccl Iwfore the cujtel is filled wiili 
molten lead, the escaping steam will bubble thrrjiigh, and scatter 
about particles of the metal. If some particles of u n burnt carl sm 
remaiii in the hone ash, a Mmilar result will be produced by the 
of bubbles of carbonic acid as soon ss the fused lit bar co 
come# in cnrtnct with ibetn. The cufiels having been prepin**! 
m arraiiged lu a dafiniU Mar in the muffle, and Uia assay but 
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tool sre arranged in a correeponding order on eome anitabk tn.) 
(cupel tra^) fig. 41) ; the heat of the muffle being ac bright redness. 
Then with the help of the tongs (fig. 42) 
the assay buttons should be placed each 
in its proper cupel ; a note having been 
previously made of the position it is to 
occupy, and the door of the muffle closed. Fio. 41. 

Thu part of the uork should be done 
promptly, so as not to unduly cool the muffle ; the start requires 
a fairly high temperature, and is a critical part of the process. A 



black crust 
forms at once 
on the BUf' 
face of the 



Fra. 42. 


lead ; but this ought soon to fuse and fiow in greasy drops from 
off tl>H face of tho metal, so as to leave the hiUer fluid with « 
well-defined outline, and much brighter than the cupel. If thb< 
clenring does not take jduce, the buttons are said to ^ frosen ; in 
wbicli case the temperature must be raised, some pieces of char- 
coid piit in the muffle, and the door closed. If they still do not 
clear, the heat must have been much too low, and it is Ixist to 
reject them and repeat the assays. 

When the buttons have cleared it is well to check the draught 
of the furnace, and to partly open the door of the muffle 
so AS t4> W(>rk at as low a tenqH'nture as is conq^atiUe with 
the continuation of the process.* Too low a temix nitiire is indi 
cate<l by the freezing of the buttons and the conse<pient spoiling 
of the assays. Kxperienco soon cnablc.s one to judge w hen the 
hpjit is getting tt)o low, A commoner error is to have the heat 
too high : it shotild he rememl>ered that that which was high 
enough to clear the buttons at starting is more than sufflcient to 
keep the process going. At the tinisli a higher temperature is 
Agivin rtHpiired : therefore the door of the muffle should be cIose<i 
ajid the furnace urged. Tl»e finish is etiaily recognise^!. The 
drops of litharge w hich in the earlier sUiges flow steadily from 
till! surface of tho alloy, thin off later to a luminous film. At 
iho end this film aj^Kvirs in commotion, then presents a brilliant 
play of oqlount, and, with a sudden extinction, the operation is 
finiahecl. The metal agsun glows for an instant whilst becoming 
Solid. 


If the button is a small one the cupel is withdrawn at onoa 
• ■id placed on titnt Mpnire of the cupel tray which 'rTasponds to 


* ^ntfa battMU poor la aU w Um lowMlag ot tho Mpunton itf this 
u not a mstttr of imtiottaaos. 
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the poeition it occupied in the muffle. If, bowe^. it is fairlj 
Urge precautions must be taken to prevent bpirtiug. 

Molten silver dissolves oxygen from the air and pves it off on 
solidifying; the esc}ti>e of the g^xs on sudden cooling is violent 
and, by throwing off particles of the metal, may cause loess. This 
is (»lled ** vegetation ” or ♦* spirting.” The ^ver is apparently 
solid when spirting takes place ; the crust breaks suddenly and 
some of the metal is forced out The evil is best guarded against 
bv slow cooling anti avoiding draxights. With large buttons of 
sdver precjiutions should never be omitted. One pUn is to allow 
the cupels to cool in the muffle itself, the mouth being closed 
with hot charcoal. Another is to cover the cupel with another 
cupel previously heated to redness ; in this case the silver cools 
between two hot cupels, and, of course, cools slowly. A third 
phn is to withdraw the cupel to the door of the muffle, bolding 
it until it bi>gins to get solid and then immediately to put it 
back into the hotter part of the muffle. 

Silver remains after cupellation in tlattened elliptical buttons, 
adhering but only slightly to the cupel. lu upper surface 
should show faint markings as if it were crystalline. The pre- 
sence of platinum renders it still more crystalline, but removes 
the characterUtic lustre and renders the metal dull and grey. 
Copp«‘r, if not completely removed, has a very marke<i effert on 
the appearance of the button : the metal Ls spread out, damping, 
an it were, and firmly adhering to the cupel, which latter in the 
neigh IxMirhood of the metal ia almost hUrk with oxide of copper, 
i^metimes the silver button is globular, or even more shar])ly 
roundeti on its under than on its upfs r surface ; it is said that 
this w due to the presence of lead, (lold may be present even to 
the extent of 50 per cent, without showing any yellow colour. 

The ap|>^rance of the cupel affonls some useful information. 
The presence of cmcka evidently due to shrinkage indicates a 
badly made cup<d. If, however, they are accompanied by a 
peculiar unfolding of the cupel, the margin losing its distinct^ 
iiftis, it Ls because of the presence of antimony. When leml U 
the only easily oxidisable metal present, the stained portion of 
cupxd is yedlow when cohl. \ greenish tint may be due to small 
quantities of copper or, jierhaps, nickel, cobalt, or« platinum. 
Larger quantities of cep{)er give a grx^nuih grey or almoot black 
colour. A dark green and corrode^! cxipel may be due to iron. 
Kings of pale-coloured f»coria may be due to tin, zinc, antimony, 
or arsenic. When the cup^d shows signs of the presence of these 
tnciais in objectionable quantity, it is well to repeat tba assay 
and wnrify so as to remove them before enpeiiation. 

TTi*' Hutton shnuld U deUchetl from the cold OQpol ieiiing 



miroL 


101 


witk a pair of pliers ; the under surface should be distorted 
squeesing or hammenog the button so as to loosen the adhering 
bone ash. The cleaning is easily completed by rubbing with a 
clean bard brush. After cleaning the buttons are best put on a 
tray of marked watch-glasses, and then taken to the balance and 
weighed. The weight of silver got needs a small correction ; 
(f) by deducting for the amount of silver introduced by the 
l\‘ad or oxide of lead used in the assay;* and (z) by adding for 
the oupellation loss. 

Lem in Cupellation. — During the whole process of cupelling 
a silver lead alloy a more or less abundant fume may be observed 
rising from the cupel. This furnishes an evident loss of lead and 
a possible loss of silver; for although silver at the teaipeiuture of 
cupellation gives off no appreciable vapour, it is known that such 
fume fonn^ on a large scale contains silver. It is, liowever, 
difficult to believe that the small amount of lead vapourised 
ciurnes with it a weigbable amount of silver. Tliat it does not 
do so in tlie ordinary way of working is sliown by the fiu.'t that a 
button of silver eq\ml in weight to tlie silver lost in cupelling 
may be got by smelting the cupel and cupelling the resulting 
button of lead. The loss of silver by volatilisation is altogether 
inconsiderable, unless the temperature at which the operition is 
performed is much too high. 

Another p^jssible source of loss U the infiltration of small 
particles of alloy into the cupel. The cupel is necessarily potvms, 
«tid particles of metal may perliapis drain into it, more especially 
it the hone ash Is not in tine powder ; but if this is the m.ain 
w'urc<* of lows it Is luird to see why, in cupelling equal weights of 
silver and gohl, the hiss Is not ctuial in each ca.«e. It is not eaisy 
to believe that the mere filtration of the fusinl alloy will effect 
such a change in the proj>ortion o? the metals as that which 
actually oocunc For example ; r. cupel on w hich an alloy con- 
si.sting of o.So gram of .silver, 0,4; gram of gold, and 35 grams of 
hsid bad been cupelKnl, was found to contain 7J milligrams of 
silver, and rather less th.ati half a milligram of gohl .Assuming, 
hir the sake of argtimenl, th.at the gold present had filtered into 
the cupel in the form of small drops of alloy, it would have been 
s'TompaniW by less than a milligram of silver, and the presence 
of the extra 6 or 7 milligrams of silver mu.st have been due to a 
different cause. There can, thus, be little doubt that the cause 
of the greater part of the “ cuptdUUon loss ’ is a chemical one and 
cannot be counteracted by a mechanical contrivancc.t In cupd- 

* too gnuQs of the lead, or of iU oxide, wiU contain from t.c to M 
ttilbgwMin*. 

t bull the precauUont of having oopaU well made from boM ath la fiat 
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laiUtm, then, there is a loss, apart from imperfect working, in- 
herent in the process itself ; and as the amount of this loss varies 
under difierent conditions, it is necessary to study it somewhat 
in detail. 

The following experiments are taken without selection from 
the work of one student. Three experiments were made for each 
determination, and the mean result is given. By “ range " is 
meant the ditference between tlie highest and lowest result and 
the percentngo loss is calculated on the silver present. The silver 
add^ in the lead used luw btH-Ui diHlucled. 

Effect of Varying Load.— -In each exi>eriment 0.4 gram of 
silver wivs takei\ and cu|Hdled with the lead. The silver loss and 
“range” ai-e expressed in milligrams. 


LmJ l’$ed. 

Silrer 

R» 4 e. 

P«r«tnuir« Lom. 

Qnm$, 




10 

6 .S 

I.O 

1.63 

20 

7.0 

1.0 

»- 7 S 

40 

120 

*■5 

3.00 

to 

13-7 

_°;5 1 



The luvs iiicn»asos with the lead used. 

Effect of Varying Toraporaturo. — 0.4 gram of silver was 
cupelled with 20 grims of lead. 

T(CTr.{x’-atmT. hiiviTT L-Mt. Perrmtac* Uoml 

Bright red . , 7.0 ... i.o ... 1.75 

Clear yellow . . 17,3 1.7 

The difference in temperatuT'o in these ex[)enroenta was much 
greater tlian would (x^t iir even with carelww work. 

Effect of Varying Silver. — ^ogtiims of lead were used in each 
cupellation. 


fiilm TiIewl 

SUvtr 1.^1. 

Rtar*. 

Ptrceoiag* Um 

'2 5 

07 

as 

5.6 

25.0 

1 >1 

0. t 

5.6 

50.0 

1.6 

0.4 

3* 

100 0 

I 1.9 

0-3 

* 2,9 

300.0 

5.6 

as 

3.1 

40a 0 

7.0 

I.o 

1-7 

Soao 

9-7 

1.0 

t.3 


It will be seen that, althottgh the quantity of silver lost in^ 

powdtr. and of working the cttpellailon at as low a UsTperatare as posstl4. 
an my propar ones, |voridcd they are not carried to ea abeurd axoaaa 
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cretMi with th« nlrer present, the percentage loae is greater an 
the smaller buttons. 

The following results are often quoted :’-^upellmg i grain of 
^ver with lo grains of lead, the loss was 1.22 percent. ;• 10 grains 
of direr with 100 grains of lead, loss 1,13 per cent ; 25 giains of 
silver oupdled with 250 grains of lead, lost j.07 per cent The 
proportion of silver to lead was the same in the three experiments, 
and the largest button gave the best result. Kvidently, if the 
quantities of lead bad been the same in the three experiments 
(say, 250 grains in each case), the loss on the smaller quantities 
of silver would apj^ar worse in the comparison, 

In judging these results, it must be borne in mind that it Is 
di6Eicuit to regulate the tempcmture, in consecutive expen> 
uients BO as to get exiu-tly similar results, so that the range in 
consecutive cupellations is greater than that in a batch cupeUed 
side by side. 

Effect of Copper and Antimony.— o. 1 gram of silver was 
cupelled with 20 grams of lead, and to one batch 0.5 gram of 
antimony, and to another 0.5 gram of copper was added. 



Silm Lo«L 

BAoKa. 

Lom in 
Fcrceotnc*. 

Without addition 

. . 2.9 

0-3 

2.9 

With aniiinony . 

. . 32 

a2 

3-2 

With cop|)er , 

. . 4^9 ... 

*■7 

- 4-9 


Perhaps the antimony has so small an effect because it is 
oliminaUHl in the earlier pjirt of tlie process, wliile tne silver is 
sttli alloyed with, ami prutecte<l bv, a large proportion of lead ; 
whilst tho copjwr on tlie other hand makes its 6erw!St attack 
t^)wards tlio close, when the silver is least capable of resisting it. 
The iJ) eflecU of copj>er are iiu^t strongly felt when the qu.antity 
of lead present is not suftkient to remove it: the coppery button 
of silver got under these condition.^ is ven’ considerably less than 
the weight of silver orijiinally taken. 

^Although the alsjve Is a fair statement of the loss attending 
average w'ork, it will not do in very impoi-tant and exact work to 
place too much relwnco on the figures given, or, indeed, on any 
other set of figiires, with the object of corrwting the result rf an 
assay, j^h man must rely on his own w'ork. 

It is easy to determine what allowance must be made for the 
loafl in cupellation by cupelling side by aide with the assay piece 
an alloy of eimilar and known composition. For, if the two pieces 
are very nearly alike, we may justly conclude that the loss on each 
will be the same ; and if, further, w»e take the average of three or 
four such determinations we shall get reeulU accurate within 0.1 
per cent. The method of getting fiioh multi may be best ox* 
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pluned by one or two illustrations. This method (tf working {| 
termed assaying by checks.*' 

Suppose we have an alloy of silver and lead in unknown proper* 
tions and that by cupelling two lots of lo grams each there is got 
fi-om L o.iaa6 gnun of silver, and from II. 0.1*39 gram. We 
should know from general experience that the actu^ quantity 
of silver present was from 2 to 4 milligrainM more than this. To 
determine more exactly what the loss the following plan is re- 
commended : — The two silver buttons are wiiippetl up each in 10 
gr.ims of lead, and cupelletl side by side with two other lots of 10 
grams of the original alloy. If now the two buttons I. and II. 
weigh 0.1303 and 0.1203, ^key will have sutfei-ed in this set'ond 
cupllation an avonige h^ of 2.5 milligrams. Suppose the two 
fresh lots of alloy gave 0.1233 and 0.1335 tho average 

loss on the.se w^ouKl also be 2,5 milligrams. Add this loss to each 
re.sult, and take the mean ; which is in this can? 0.1259. 

If copper i,s present in the alloy as well as silver, it is necessary 
to add about tlie s;inio quantity of copper to the checks as is sup- 
p<x-iod, or knoH'n, to be present in the assays. If the substance to 
U? assayed is an alloy fd silver and copjK'r, first cupel 0.5 gnim of 
it, with, say, 10 gnims of had, ami weigh the resultingbuttonof 
silver, in order to get an approximate knowledge of it.s com|>osi- 
tion. Suppoe^} the button weighs 0.3935 know that 

thi.s is lielow' the truth : for the jcike of i-ound iiumb«‘rs toko it as 
0.4, and assume that the rest of the alloy (o.i gram) wiia copper, 
Tw‘o check pieces are then w*eighetl out, each containing 0.4 gram 
silver and o.i gram of (stpjnT wnip|>ed in 5 gnims nf lead. Of 
course the silver must b<‘ pure. A ml t here is also weiglied out two 
(or better, four) assay pieces each containing half a gram of the 
alloy wrappeii in 5 grams of U-ad. The whole lot are then 
cupelled as nearly as pcwvsible under the same conditions. With 
four a*!say pieces, the cu|)els should b<^ pl.iccd close together in two 
row.s nf three across the muffle ; tho tw<) check pie^ e.s are put in 
the middle cupels. Suppose the buttons of silver got weighed 
foUowa 

Check pifTOS I. 0.3940 II. 0.3945 

AAsay pieces I. 0.3905 II. 0.3912 

III, 0.3910 IV. 0,3909* 

The avenge loss on the two cheek pieces is 5.7 milligrams, and 
the avemge result of the four assay [ueccs is 0.3909. Add the 
average loss to the average result, and there is got the corrected 
result 0.39^. And if 0.5 gram of alloy contain 0.3966 of stiver, 
1000 win contain 793.3 of silver, and this is the degree of 6DeneBS. 

A oorrection for the I<wi in capeUaUon is always made in this 



wny when rich alloys are being assayed ; and in the case of rich 
ore« it may be done after the manner of the first of the above 
illuntiations. Tliero is another method of working which relies 
more on experiment. This is to smelt the cupel as described 
further on (p. 1 14), and to a"ain cupel the resulting button of lead. 
The button of sliver gut in tins second cupellution is added to that 
first obtained. It will sunietimes, but not often, happen that 
the two buttons together will slightly exceed in weight the 
silver which was actually present. This is bccauseof the retention 
in the buttons of a small (jiiantity of lead. It has been stated 
tliat the proportion of lead tlius retained may be as much as 1 % 
of the silver present ; this, however, can only be under exceptional 
conditions, A determination of the actual silver in the buttons 
got in the serit^ of cii[«diaLions quotes! on pages 102, 103, gave 
an average fwa’centage of 99.85, i>o that even with the larger 
buttons the elTwt of the relainwl lead would be only to increase 
the weight l)y about i milligram. In the methrsl of working 
with checks, the retained lead lias no dif^turbing inlUience 
The proportion of lead required for the cujK?llation of any 
particular alloy re<|nires cunsidt-nuion. With too much lead the 
time occupied in the |inK'<^''S is increa.H?d, and so is t)ie loss of 
silver; on the other liand, too little lead is of greater disadvantage 
than too much. From 3 to 16 jxirts of lead are required for eac h 
prt of silver alloy, or, if gold is piT*sent, about twice as mucli aa 
this must be «se<l. For the cu|H‘llatiou of 1 gram of a silver 
i'op|)er alloy containing difierent ftcrccntages of copper, the follow- 
ing quantities of lead simutd be used ; — 


PtKfnUjTf of 
in 

5 


10 

20 


30 

vO 


50- too 


Ltkil 


6 grama 
S „ 


10 
12 
M 
16- 1 S 


The alloy, in not too large pim\s, is wrap|>e<i in tlio requited 
weight of lead foil and charged into the cttjwl at once ; or tha 
lejui may*be put in first, and, when the cup<dlation has fairly 
8tarte<i, the alloy may bo added wrapjjed in tissue paper; ora 
portion of the lead may be first started and the alloy wrapped 
in the remaining lead and suUse<picntIy add*d. The cupellation 
of large quantities of alloy or of alloys whicli contain tin, anti* 
many, iron, or any sulwtance which pnducea a acoria, or cop* 
rodea the cupel, must be preceded by a ecorificaUon. Hie 
advantages of this are that uie tlag U poonr in precioui metil 
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than that found on a oupd and ia more easily collected and 
deaneU ; that iargor quantities of metal can be treated, and that, 
even if the subetance is in part infusible, or produces at the start 
a clinkery mass or scoria, the oxide of lead graduidly accumu- 
lates, fluxes the solid matters, and produces a good flual result; 
but if the oxide of lead by itself is not suiBcient for the purpose, 
borax or some other flux am be easily added. 

If the button of silver got is very small its weight may be 
estimated from its size; but it must be remembered that the 
weight varies as the cube of the diameter. If one button hiis 
twice the diameter of another it is eight times as heavy and so 
on. Scales sjiecuUly constructed for mmsuring silver and gold 
buttons may be purchased ; but it is much better to make tlio 
measurement with the help of a microscope provided with an eye- 
piece micrometer. 

If the length of the lotjg diameter of a silver button bo taken 
the following Ublo will give the oorres|>oudiug weiglit in milli- 
grams : — 



Wfi^ht. 



W.!i:ht. 

0.04 

iocb 


1 0015 

itu'h 

0 19 

0.035 


2 4 

: 0.014 


0.15 

O.OJ 

n 

*•5 

aoii 


0. 12 

O.C25 

n 

0-9 

* 0lO12 

„ 

0.007 

0.02 

M 

0.4S 

1 O.OM 


0-075; 

O.C 10 


04 

0.0 to 

„ 

0.1 

aoiS 


OJi 

o.aj8 

„ 

1 0.02S 

aoi; 

H 

0.27 

1 0.0O 


’ 0,012 

aoi6 

M 

0.2J 

0 .w >4 

.. 

0. (XtJ 


T}»e weight of a corresponding button of g^ld is gt)t by multi- 
pUing by 2.25. figures me I>jis<sl on those given bv 

Pbittner, and ajiply only to buttons of such slm|>e as left 

afu^r cupellation, A sphere of i^ilvero.oi inch in diameter would 
weigh 0.09 milligram, and a similar sphere of gold weighs 0.167 
miiligTam. 

It is safer, however, to compare with a micn>meter the diameter 
of the button wIkiso weight lias to bo determined with tlmt of a 
standard button of nearly tspial siie whose weight is known. 
The weights of the two buttons are projiortional U» the ctilH^i of 
their diameters. This plan of working is described more fully 
in Appendix H., page 440. 

Cftloulation of the Baoulta. — After deducting for the 
nlver added, and correcting for the cupellation loas, the calcula- 
ti<m » made in the usual way ; reporting as so many parte |s‘r 
t ho o s a n d in the caee of rich alloys and m so many ounces and 
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pennjrweightoi or better se ounces and decimals of ao ounce, in 
the case of poor alloys and ores. 

In this case, however, it is less fatiguing to refer to a set 
of tables which give, either directly or by means of simple addi- 
tion, the produce corresponding to any weight obtained from 
^rtain given weights of the substance. The following table 
gives the produce in ounces and decimals of an ounce per ton of 
2240 pounds : — 


Wetrht of 
Mtuiani. 


wviirii 

of Orp Ukt'H, 



3 jrram*. 

ignmf. 

ao grunt, 

5<> frtnu. 

toptfrtnu. 

aoooi 

1.09 

0.65 

0.16 

0.06 

ro 3 

0.000a 

a. 18 

1 . 3 * 

0-33 

0.13 

l'6 

0.0003 

3-27 

1,96 

0.49 

0.20 

.10 

aooo4 

4*36 

2.61 

0.65 

0. 26 

0.13 

0.000$ 

5-44 

3-27 

0.82 

0.33 

0.16 

aooo6 

6.53 

3-92 

0.9S 

a 39 

0.19 

aooo7 

7.62 

4-57 

1.14 

0.46 

a 23 

o.oooS 

8.71 

5-23 

I.31 

0.52 

0. 26 

0.0009 

9.80 

5.88 

1,47 

0-59 

0.29 

0.001 

10.89 

6.53 

1.63 

0.65 

0-33 

aooa 

21.78 

* 3-07 

3-27 

* 3 * 

0.65 

aooj 

32.67 

19.60 

4.90 

r.96 

0.98 

aoa4 

4356 

26.13 

6-53 

2.6i 

J- 3 * 

aoo5 

54-44 

32-67 

8.17 

3.27 

1.63 

aoo6 

65-33 

39.20 

9. So 

3.92 

1.96 

aoo; 

76. 22 

45-73 

* 1-43 

4.57 

2,29 

aoo8 

87. 11 

52.27 

13.07 

. 5-23 

2.61 

C.C09 

98.00 

5S.S0 

14.70 

$.88 

I 2-94 

aoi 

108,89 

65-33 

16.33 

6-53 

3-27 

aoa 

217.78 

130.67 

32.6- 

1307 

6.53 

ao3 

326.67 

190.00 

49. CO 

19.60 

9.80 

0.04 

435 - 56 

201.33 

65 .33 

36.13 

13.07 

0.05 

544 44 

326.67 

81.1*7 

32.67 

*633 

ao6 

653-33 

39200 

oS.co 

39.20 

19.60 

ao7 

702.22 

4 Sr 33 

114.33 

45-73 

22. §7 1 

0.08 

871.11 

522,67 

130 07 

52. 27 

26.13 j 

aoo 

9S0.00 

1 5SS00 

147,00 

58.S0 

29.40 i 

(XI 

10S8.89 

i 653 33 

i *63 33 

65-33 

32*67 1 

aa 

2177-78 

1300.67 

i 320.07 

130.67 

65-33 ^ 

as 

3266.67 

; 1^.00 

40*:^, 00 


^.00 1 

as 

4355-56 

261 ;.33 

( C5333 

261.33 

1J0.67 ■ 

as • 

S444 44 

3266.67 

1 810,(17 

326.67 

: 

0,6 

6533-33 

392aoo 

\ 9So,<x> 

392-00 

196.00 ) 


762a. 12 

45 / 3-33 

i *M 3 33 

45 . 7-53 

22S.67 

as 

8711,11 

$226.67 

! 1 306.67 

52267 

261,53 1 

a 9 

9&iaoo 

$880.00 

i i 47 ac)o 

588.00 

294.00 

1.0 

10888.89 

1 6533.33 

1 *633.33 

1 653-55 

526.67 1 


Wlien, M in this Uble, the fraction of an ounce is expressed by 
two piaoM d decimals, it may he reduced to pennyweights (dwta.) 
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by dividing by 5. For exninpief 0.40 of an ounce is B dwt& Xbe 
fraction cl a dwt. similarly expressed may be converted into 
grains with sufficient exactness by dividing by 4. Thus, i .63 ozs. 

I os. ia.6o dwta., or i os. is dwts. 15 grains. In England 
it is usual to report in ounces and decimals of an ounce. 

The way to use the table is best shown by an example. Sup- 
pose a button of silver weighing 0.0435 gram was obuiined from 
30 grams of ore. Look down the 20 gnim column of the tubifv 
ajid select the values corresponding to each figure of the weigiit, 
tbufl ; — 


a04 

65.33 ois. 

to the ton 

aooj = 

4.90 

t, 

aooo5 =? 

0.S2 


0.0435 = 

71.05 

m 


Add these together. The produce is 71.05 oks., or 71 osa. i dwi 
to the ton. 

suppose an ore is known to contain 1,24 per cent, of silvei 
I>x)k dt»wn the loo gnim column, seItTt the values, and add thein 
together as before. 


f.O 

= 326.67 Ots. 

per too 

0.2 

= 05-33 

n 

0,04 

= 13.07 

n 

1.24 

= 40507 

m 


This gives 405 or*, i dwt. ro grains to the ton. 

The calculation l>ecoDies nioh» ci>tnpli«Ued when, aa is fre- 
quently the the ore contains mrtaliic particles. These show 
them.st-lves by refusing to pLss througi] the sieve when the ore is 
powdered. Wlien they are ptrs^-nt, a large jxirliun. ur if fc*jisible 
the whole, of the sample is powdered and sifted. The weights of 
the sifted portion and of the niotiilHcs,” or prills, are taken ; tlie 
sum of these weights gives that of the whu!e of tie- siimple taken. 
It Ls very impi^rtant that nothing be lost during the opt^mtion of 
powdering. 

Ea<di fporLion has to be n.«snved separately. It is usual to asKiv 
a portion of the mfte<l .sample, s;iy, 20 or 50 gnttn.s, und Ut add to 
tlje prwluc© of this iu share of the “ nn taljjjn/’ Tl>»s way of 
calculating, which is more convenient than coin^ct, U illustr^csl 
by the following example : — 

Wdgbt of whole sample • • • . 400 gram* 

Kids ap of silted portlosa • • • . 399 r, 

^ ■‘MeuSuce” • . • . l m 


400 
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Twenty grama of the sifted portion, when asaayed, gave 0.1050 
gram of silver. The whole of the “metallice” scorified and 
cupelled gave 0.842 gram of silver. Since the 20 grains assayed 
vras i'2oth of the whole, i^zoth part of the 0.842 gram of silver 
(from the metallics) must be added to its produce. We thtu 
get 0.1471 gram (0.10504*0.0421). 

Beferring to the 20 gram column, we get-~ 


ai 

163.33 

0.04 

= 65 33 

aoo7 

- 1*43 

0.0002 

s a 16 

0 .U 7 I 

= 240,25 oance* per ton. 


A more legitimate method of calculation is as follows : — Calco- 
late sefBinxtely tho produce of each fraciion as if they were from 
Jiffei'ent oi'es. Multiply each produce (best stated in per cents.) 
by the weight of the corresponding fniction. Add together the 
prwlucts, and divide by the weight of the whole sample. Taking 
the Nuue example for ilUwii-iitioii, we have: — 

—Weijfht 1 grain. 

r cnini of it 0.S42 grams of silver. 

Tjuduce .= 84. 2 pt-T cent. 

IVfrfluce ninltiplu'cl bv the weight i> stil! 84 . 2 . 

Si/ittl 7 brnV>».~ Weight J99 gnim>, 

20 grams of it viiflde*! o. los gram of silver 
Trutiuce ~ 0 52^ percent. 

I'rwluee muhii iitril by weight (0.525 x 399) is 208 475. 

Add tugclhur ; and divide by 400, tbe weight of the whole sample 

84-2 

209.47s 

400) 293.67s (0.7342 

a7342 in the total prodace of the ore in per cents. 

Itefcrring to the ioo>gram column in the table we find 239.84 ouccea Ic 
the ton aa the produce. 


0-7 

* 22S.67 

0.03 

^ 9lSo 

aoG4 

« 1. 31 

OlOOOJ 

K ao6 


239.84 


Ck>mparing this with the result calculatt^i by the first method — 
viz., 240,26, we see that that was 0.38 oa, or between 7 and 8 
dwts. too high. 

^ With ores containing “metallics” it is of great importance to 
^wder tbe whole of the selected sample without loss during the 
process ; and of even greater importance to well mil the sifted 
portion, of which the portions to oome through the sieve «re 
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to bo more ibaa ordmarti^ lich throogb OiOgriD^Dg down 

tomo portions of tJte metallic prills, 

Bemarka on CupoUation.— CupeilatioD is at once Uie neatest 
end the most important of the dry methods of assa^ng. Its 
purpose is to remove easily oxidi^ble metals, such as lead and 
copper, from silver and gold, which are ozidisable with difficulty. 
Metals of the first class are often spoken of as (oas, and gold and 
silver as noble metals. 

When lead is exposed to the action of air at a temperature a 
little above redness, it combines with the oirgen of the air to form 
litharge, an oiido of lead, which at the temperature of its forma- 
tion U a li^ptid. Con.'^equently, if the lead rests on a porous 
support, which allows the fuseil litliarge to drain away as fast as 
it is formed, a fresh surface of the lead aril! be continually exposed 
to the action of the air, and the (>{H>ration goes on until the whole 
of the lead luis boon removetl. Silver or gold exposed to similar 
treatment does not oxidise, but n^tnins iu metallic condition ; so 
that an alloy of lead and silver similarly treated would yield ita 
lead as oxide, wiiich wuuhl sink into the support, while the silver 
would nauain as a button of metal. 

Tile p)ix>us supj^.rt, which is called a cupd ( 6 g. 5 ), should 
abs^u'b the slag (o.xidc uf lead, etc.) just as a S{H)nge absorbs 
water, but must be suilii iently tine- grained to be imperxnous to the 
molten metal. At first siglit it appeaia difficult to filter, as it 
were, a tluid >lag fr.uii a tluid mcLil ; but an ordinary filter-paper 
dam[>ed with oil will allow oils to run tlirough and yet retain the 
water ; but dam|ied with water it will allow water to run through 
and retain oils. SimiUrly, fused slags damp and filter througim 
cupel, but the molten metal not damping it withdraws itself into 
a button, which is retained. Although, of course, if the cupel i> 
very coarse-gmine^l the metal may sink into the hollows. 

Copper, antimony, tin, and most other metals, form powdery 
oxides, which are not of themselves easily fusible, and it is ueces 
sary when these are pre^uit to add some solvent or flux to render 
the oxide sufficiently fluid. Fortunately, oxide of lead is sufficient 
for the purpose ; hence, mixed oxides of copper and lead, provideil 
the lead is [ rr!^cnt in pro{i«rr proportion, form a fluid slag. In 
separating cropper from silver or gold, advantage is ta^en of thi^ 
fact; for, although we cannot cu|>el an alloy of copper and silver, 
it is easy to cupel an alloy of cf>|>|jer, silver and lead. If, how 
ever, the leml is not present in sufficient quantity, the whole ol 
the copper will not be removed, and the butUin of silver, still re- 
taining copper, will be found embedded in a coating ol black oadde 
ol oo|^. Copper oxidises lees eaaOy than 1e.ad and, eon- 
• eqn wit i i y, the alloy which is being cupelled beoomea relatively 
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rieber in copper $itb0cpmtm proceeds It b <m thk eeeomi 
that the iH-effectB of the copper make tbemaelvee felt at the close 
of the operatiOD^ and that the oxide of copper is found eocumu* 
lated around the button of silver. Tin and antimony, on the 
other hand, are more easily oxidised ; and the tendency of their 
oxides to thicken the slag makes itself felt at the commenceiuent ; 
if the button of alloy once frees itself from the ring or crust of 
uofused oxide first formed, the cupellation proceeds quietly, and 
leavoi a clean button of silver in the centre. But in either case 
the cupellation is imperfect, and sliould be repeated with a larger 
proportion of lead. An unfused and, consequently, unabsorbed 
slag tends to retain small buttons of alloy or metal, and thus cause 
serious loss. 

There is a principle underlying many of the phenomena of dry 
silver assaying which the student should endeavour to understand ; 
and which serves to empliasise and explain some facts which with- 
out an explanation may present difiScuIties. If a button of melted 
lead be covered with a layer of slag rich in oxide of lead, and a 
second meUl be added, this other metal distributes it‘ielf between 
the metal and slag in proportions which depend mainly upon the 
ease with which it is oxidised, and to a lai^ extent upon the 
relative quantities of nwiterial present. Easily oiidisable metals 
such as zinc, iron, antimony and tin, will go mainly into the slag, 
and, if the proportion of the shig is large, ver\' little will go into 
the metal. On the other hand, with metals oxidisable with diffi- 
culty, such as silver, gold, and platinum, the reverse holds true; 
nearly the whole of the metals will go into the lead, and very little 
into the slag. If, however, the slag be very rich, say in antimony, 
the lead will contain antimony ; and, on the other hand, if the 
lead be very rich in silver, the slag will contain silver in apprecia- 
ble quantity. Copper, which is near lead in the facility with which 
it is oxidiwd, will serve for the purpose of a detailed example. 
The results of actual analyses of metaJ and slag formed in oontart 
with each other are shown in the following table : — 


PtremUin CoApodtloo of lb« MfteL .. j 

pyraotM* ConpMiUoii at Um Sk$, j 

Usd. 

Copftt. 

Uod. 

Cop|»ef. j 

61$ 

XkO 

03.2 

8ao 

7S.0 

■ ■ 

zAo 

71.0 

80.0 



6S.0 

86.0 


15.0 

90.0 

HkH 


It will be seen from this table that the slag is always mimh 
rioher in lead and poorer in copper then the awtal with which il 
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ia in content The ratio of lead to copper in these Uvu i^iinplea 
is: — 




1 b the 

*4 


1 : 03 

4 


1 : 0.2 

2-S 

... 

1 : 0.16 

2 


I : ao 8 

a 16 

... 

1 : aQ 4 


Asuming these hgures to be corriH^t, the following statement 
te approximately true. On oxidising an alloy of lo grama of 
copper and lo grams of l^d, and pouring off the slag when 
3 grams of lead have gone into it, there will be a loss of (owing to 
the slag carrying it oil) about 0.2 gmim of copjMjr. On repenting 
tlie ojieration, the next 3 grams of itW will carry with them 
about 0.5 gram of «>pper ; and on again rejKating, 3 grams of 
lead will remove 0,8 gram of copper. Finally, the last gram of 
lead will cany with it 0,3 gram of copjn^r, and thoi-e will be loft a 
button of copper weighing 8.3 graiins. The lilag will have carriiKl 
od* altogether 1.7 gram of copper, which is 17 per cent, of the 
metal originally present. 

With the more p<>rhrt exposure to the air, and cpucker removal 
of the slag, which results from heating on a cu|s*h the hiss would 
be heavier. Karsten got by actual experiment on cupelling copjicr 
and lead in equal proportions, a hjtfis of 21.25 

Going Wk to the example ; if the slug were collected and 
fused with a suitable rtslucing agent so as to convert, say, luilf of 
it into metal, that half would contain nwirly the whole of the 
copper (such a reduction is called “rh'iining the slug "). On rtv 
oxidising this metal, another button of rnp|K>r is formed w'hich, 
added to the tirst, nrouhl retluce the loss from 17 per cent, to, say, 
7 or 8 per cent. And it is conceivable lliat by a seriiss of similar 
operations, almost the whole of the 10 gmms of ('opp<>r originaily 
taken might be recovere<l. In practice the problem is (as far as 
the copper is concerned) not how to mve. but how most easily to 
remove it ; and sint^ the removal of this im*t«l is quicker frtiin an 
illoy containing not too much lead, it is evitlent ilmt two or throe 
operations with sm^ quantities of lesid will l)0 morn eflertual 
Ilian a wcgle treatment with a larger quantity. \Y* 1 ^ 
metals (tinj antimony, Ac.) which pass quickly into the slag, ti e 
oontraiy is true ; hence with these it is necc^ssary to have enough 
lead present, so that the shig formed at the outset shsil contain 
ei^’gh oxide of lead to make it lluid. As silver U so much lesn 
easily oxidised than copper, wo should reasonalily expect that t he 
fu^^poritoti of silver carried off in the oxide of lead would he con- 
sidembly bail than tliat of the copper indioited b Umi abuts 
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«sunpl«* Indeed, there are one or two facte which tend to en- 
courage the hope that the operation may be conducted wiUiout 
any lose. If a piece of pure silver foil ie exposed on a cupel to air 
at the ueual temperature of cupellation, it undergoes very little 
change ; it does not even fuse ; it loses nothing in weight, and 
does not oxidise. In fact, even if oxide of silver were formed 
under theee conditions, it could not continue to exist, for it is de- 
composed into silver and oxygen at a temperature oonsidembly 
below redness. On the other hand, oxide of silver is not reduced 
to metal by heat alone, when mixed with an exc^ of oxide of 
lead ; while metallic silver is converted into oxide when heated 
with the higher oxides of lead, cop[>er, and some other metals. 
Tliat silver, and even gold (winch is more difljcult to oxidise than 
silver), may be carried off in the slug in this way, is in agreement 
with genewJ experience. If lo grams of silver are cupelled with 
10 grams of lead, there will be a lo&i of about 50 milligrams of 
silver, which is in round numbers i-joth of the comesponding 
copper loss; with 10 grams of gold and 10 grams of lead, the loss 
wilt be 4 or 5 milligrams, which is about i-i2tb of the corre- 
sponding silver h 

Determination of Silver in Assay Lead.— Scorify 50 grams 
of the lead with 0.5 gram of j>L»wdered quartz or glass at not too 
high a temperature. When tiie eye has “closed in,” pour; reject 
the slag, and cupel the button of lead- Ilemove the cupel from 
the muffle imm»^l lately the opt^ration is finished. Weigh, and 
make a prominent note of the n^ult in the book, as so 
many miligrams of silver contained in 1 00 of lead. 

Detormination of Silver in Eed Lead or Litharge. — 
Fuse 100 grama of the oxide with from 10 to 20 grama of borax ; 
and in the case of litharge with 2 grams or with red lead 4 grams 
of flour. Cupel the lead, and weigh the button of silver. Note 
the result as in the laat case. 

Determination of Silver in Argentiferous Lead.— Br 
airefid in taking the mmpie, .^itu\> with Hcii silver lead aIio)'8 tht 
error from bad K-impling may junount to several parts per cent. 
Cupel two lots of 20 grama each, and weigh the buttona of silver. 

Add to these the estimated cupel lo&s and calculate the result. Or 
Wrap ench button of silver in 20 grams of assay load, and re-cupel 
side by side with two fresh lota of 20 grama fMirb of the alloy. 
CjilcuUte the loss incarred, and add on to the weight of the two 
fresh buttons got. 

Betemiiiiation of Silver in BoUion.— The remarks mad* | 
under the laat heading as to the imporianoe of correct sampling 
apply with eqtuU force h^. Make a preliminary amy by eupel- 
hug 0.1 of the alloy with 1 gram of iMay lead ; <^auite 

II 
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tb6 pemotage comptwitioD, Refer to the table %m page 105 to 
and^t TOght oflead is required for ciif^lling t gram of alloj. 

Wej^b out four lota of 1 gram mch, and wrap them in the 
nqoM quAntity of M. Mnke two check piecee by webbing 
xtp two lots of line silver eq tie'll to ilutt w1jK'/i you believs to 1*6 

present in the assay piec^ ; 
add copper to make up the 
weiglit to I gram, and wrap 
in the &ime quantity cf Ic^iU 
ns was tistni for the assays. 

Prepiuo six cuj)els and 
char^ tliem in the annexed 
order (lig. 43), and cujTel. 
Guard against spirting. 
Clean ami w eigh the buttons 
of silver. Add the mean 
loss on the two check piece* 
to the mean weight of the four a.ssay pieces ; this multiplied by 
1000 will give the degree of hnene.s.s. 

Determination of Silver in Copper.— Tlie silver is Wt 
separates! in the wet wjiy l>efor6 cn|>eiliiig, but if the pr<iportion 
is not Uh) snuiM, it can found by cu|n‘l!ation. Weigh up 
3 grams of the m. tal, wrap in 30 grams of ^heet lead, and cupel ; 
when the cujxdlation has prtxveileil for fifteen minutes, add 
ao grams more lead, and (Nfiitiiiue till bni?^lie<l. Weigh the button 
of silver. 
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The cupellation loss w ill five or six |x>r cent, of the silver pro* 
sent. Determine it by ^h»w tiering the siiturnte<l |K)rtion of the 
cupel and fusing in a large ('ornish crucible with 30 grams each 
of Htxla and borajc, 10 grams of lluor H|far, and U gnim of char- 
coal. Cupd the re.^ulting button of lead, and aihl 10 gnims more 
of lead vow an Is the chtse cd the 0|>emtinn. Dtxliict the weight of 
silver containwl in the lead ustx! from the weight of the two 
buttons, and calculate to ountvs to the ton. 

In an experiment in which 0.1975 ^rraui of silver was present, 
li e weight of the button fnan the hrst cu{>ellj&tion was 0.1867, 
and that of the button from the swond, after correcting for the 
lead added, was o.oiio gram. 

Determination of Silver in Galena. By Pot* A$$ay,^ 
Mix ao grams or the powdered ore with 30 grams of rod hwl, 
20 gzama of soda, and 5 grams of borax, os also with from 7 to 
10 grams of nitre. Fuse and pour. Cbmn the slag if the ore 
ia rich. Cupel the buttons of lead. MjUco the usual corrections 
and caleniate in ounces to the ton. 

By Becrtficaticn^^Tnko 10 gnuns of the ore, 30 grams of lead, 
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ind gtwo of bonuL Scorify, clan the ila^ by iddbg aotha* 
cite after the “ eye ** \m clc^ in ; cupel the button of Jmd, 
Weigh the button of jsilver^ make the necesmry cotrectiomf and 
celcvdMte to omm to the ton. 

The detemimfttiVjn may also be made by cupelling the button 
of lead got in the dry lend assay. 

A sample of galena determined by the three methods gave the 
following results 

By iK>t Jis8;iy . . , 7.18 ozs. per ton. 

scoiiilcution • • 7.02 „ 

„ leatl lussjiy . . .6.72 „ 

Determination of Silver in an Ore. % Pot Af^ay . — ^ 
T.'ike 20 gmnis of the [>owdered 01*0 and mix with 30 giums of 
MKla, 40 grams of red lead, and 5 giTinis of borax, as also with 
ln-m 2 to 3 grams of flour. Fuse : pour. Clean the sl.'ig by 
fusing with 20 grams of red lead and two grams of flour. Cupel 
the buttons of lead; weigh ; make the necessary corrections, and 
calculate to ounc^ to the ton. 

lUj jS'carf/fcnaon.— Take 5 grams of the powdered ore, 50 grama 
of lead, and 0.5 gram of “wida ” or l>orax. Scorify. Clean the 
alng by fusing in a cracible as in the [»ot nsKiy. Cupel, kc. 

Pbt Awfly.—Orv taken :o L'rntns. 

Silver cot. . . . 

Silver from slnji . . 0.0 (o „ 

Silver lost in cuf^elbition . 0 otoo ^ 


0-3053 • 

Dokinct silver In red load . 0.0017 „ 

Silver in ore , . . 0.3036 „ » 495.9 01s. per ton 

.SronVraOoa.~-Ore 3 
Silver got. . . , 0.0425 gram 

Silver from sL«g . « 0.0022 „ 

Silver lost in cupeUatiofi . 0.0020 « 

0.0467 M 

Dedoot ^ver in hand , aoo 1 5 ^ 

Silver In ora . , « 0.0452 m <■ 492.2 om. per ton. 

Detsminstion of Silver In Silver Precipitate. -'This sub- 
stance oonuina, in addition to metallic silver and gold, sulphates 
of lead and lime ; oxidea of zinc, copper, and iron ; and more or 
leas organic matter. The sample as received is ^nerellr free 
from ** watOT at 100* 0 .” ; end, since it rapidly absorbs water, 
care should be iekm in weighii^ it. 
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Snoe it coQtaiDs combined water it is not suited for scorify 
ing ; therefore the determination of silver and gold (&ne metaii 
is made by pot assay. Weigh up 5 grams of the precipitate 
mix with 100 grams of litharge and x gram of charcoal. Melt 
in a crucible at a moderate heat and pour. Detach the slag, 
ri>place in the crucible, and, when fuseil, add a mixture of 
30 gninis of litharge and i gram of charcoal. Wlmn the fusioTi 
is again tran*pul. ]» nir ; ami cupel the two buttons of Iwnl. 

Jnasjtraple workinl in this manner the me:ui of four d^’t^rmi 
nations gave 0.6019 gr;nu of “ tine metal ; dixiucting i milligram 
for the silver contained in the oxide of lead, and adding S milli* 
glams for the cu|H»llation loss, there is got 0.6S89 gram or 
13.77S per cent of silver (and gold) in the sample. 

D3tormination of Silver in Burnt Oros. Ihj Pot dwo// 
— Ro:i.steil cupriferous pyntea containing small quantities of gtiM 
ind silver comes under this heading. The following mixture 
will give a tliiid slag whicli is hwivy and tough when cold 

Orft. n>‘U. Sud. LitharKft. CturcoaL 

100 ... 50 ... 50 ... 100 ... 7 

^fix ; place in a large crucible ; cover with salt ; and melt down 
under cover. Wluui fuse<l tlrop in an iron rod fora few minutes, 
and alnjut a couple of minutes after its withdrawal, pour the 
cluirge quickly into a Large conical mould. The button of h^id 
should weigh alx>ut 50 grams. Cu|)id and weigh the silver. Tlie 
litliarge may be nq)la<>Mi by red Iwid, in which case another 
gram of charcoal powder must addett 

In our experience the results obtained by this method are alMmt 
30 per cent, less than the .vtual ctmtent of the ore. The results 
of two iissiys, after d<>dticting for the silver in the litharge used, 
were 3.9 and 4.1 milligram^ ; and a third a.s»iy, in which 5.4 inilli- 
grams of silver had l»een addfsl, gave 9.2, which, after de<lucting 
the aiidcfl .silver, leaves? 3.8 milligranM. The average of the throe 
results i.s 3.9 milligrams frvjm the 100 grams of ore 

Two lots of 100 grams of the same ore vreated in the wot wiv 
gave 5,2 and 5.0 inilligrams of silver. Burnt on» from 
pyrtt^ carry about 0.005 {>cr cent, of ailvar, 

WET HETHODa 

Silver ui got into solution from ite ores by attarking with 
mtric acid, tmt it is best, after dissolving, to cautiously add dtlufe 
hydrochloric acirl, and to rorefiilly avoid excews. If the quantity 
of silver is very small the s^duiion is allowed to stand twenty*four 
bouii, bt|^ othenriie, it is wanned and filtered as soon as it clourf 
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Drjr the rendoe and concentrate the silver in a baiton of lead 
bf pot method or sconfication, according to the aznoont of stony 
matter present. Cupel the lead, and the resulting button will 
be free from all metals, except perhaps gold. It may be weighed ; 
or dissolved in nitric acid, and the silver determined gmvi- 
motrically in the diluted and filtered solution. It is better to 
weigh the metal and afterwards to determine the gold in it, esti- 
mating the silver by differenc-e. Silver alloys are dissolved in dilute 
nitric acid (free from chlorides), diluted, and filtered. The solu- 
tion is then ready for gravimetric dtt< i mirmtion. 

Sulphuretted hydrogen precipibites silver (like copper), com- 
pletely, even from fairly acid solutions. 


GBAVIMETEIC DETEBMINATION. 

Add dilute hydrochloric acid in small excess to the hot dOiite 
solution, which must contain free nitric acid. Heat and stir 
until the solution clears. Decant through a small filter, and 
wash with hot water, acidulated at first with a little nitric acid 
if biMnuth is 8us|>ected to be present. Dry quickly, transfer a.« 
much as pos-siblc of the precipitate to a watehglass; bum and 
igiiite the filter paper, treating the ash first with two drops of 
nitric acid and then witli one of hydrochloric, and again dry. 
Add the rost of the silver chloride and heat slowly over a Bunsen 
humer until it l>egins to fuse. Cool and w'eigh. 

The preeipiUite is silver chloride (AgCl) and conUins 75.27 pf^r 
cent, of silver. Tiio moist precipitate is h«ivy and curily; it i> 
d^-^ ompose^l by dim*t sunlight, becoming violet under its influence. 
Wlien heaUnl it is yellow isli ; and, since it is volatile at a high 
teiiijierature, it must not, in drying, be heated above iU fusing 
[H>int. The fused chloride ran lie removed fixmi the crucible 
(to which it adheres strongly) by digesting with dilute acid and 
line. 

For tho determination of silver in nearly pure bullion the fol 
lowing process is used : — Weigh up 1.5054 gram of the alloy. 
With thia amount of alloy each 2 miJligiunis of silver chloridt 
formed ia equivalent to i degree of fineness, so that the weight of 
the silver chloride obtaine<l (stated in niillignmis and divided by 2) 
will give the degree of fineness. Transfer to a bottle (known as 
“bottles for the Indian mint assay .•ind dissolve in 10 c.c. of 
dilute nitric acid, then make up with water to 200 c,c. and add 
3 c.c. of dilute hydrochloric acid. Allow to stand a few minutes 
Mid then shake. Fill the Uttle completely w ith water, allow to 
Kttle, and ^hon dT the clear liquid; pour on more water, 
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Bh&ke geatij to break up the lumps, and agaia Ell the bottle 
with water. Invert over the mouth of the bottle a porous 
Wedgwood crucible, somewhat similar to those used in gold part- 
ing. Take Erm hold of the crucible and bottle, and invert 
promptly so that the silver chloride may be collected in the 
crucible. Allow to sUnd a little while for the precipitate to 
settle, and then carefully remove the crucible under water.* 
Drain oE' most of the waWr and break up the silver chloride with 
the help of a well-rounded glass rod. This greatly facilitAte.s the 
subsequent diy'ing. Dry first on the water bath and then on the 
iron plate. Remove the dried silver chloride, by inverting the 
crucible, and weigh it. 

As an example, 3 determinations of silver in a coin carried out 
in this way gave ; — 

(1) 1.VS500 gram AgCl - 925.0 fineness. 

(2) 1.S49S „ = 924.9 „ 

(3) n = M 

Determination of Silver in Burnt Ores.— Take loogi-nmi 
of the ore and place in a largo lieaker of rA litres ca|»;jcity, and 
Ct)ver with 375 c.c. of hydrecldoric acid. Ildl for half an hour 
until the oxides an) dlssolvetl and the resiilue looks like sand and 
pyrites; then add 20 c.c. of nitric acid, and boil till frAO from 
nitrous fumes. Dilute to 2 litres with water, and pass a current 
of sulphuretted hydrogen till the iron is ns I need, the mpper 
and .silver precipitited, ami the liquor smells of tiie gas, Thw 
takes about one hour and a half. 

Filter off the prin ipit-itt' (rej*s’ting the solution) and wash with 
warm water. l)ry and tnin-fcr to an eva|K»r;Uing dish, abiding 
the !ishes of the filter pi|HT. Heat gently with a Uunst.'n burner 
until the sulpljur burns, and then ailrine until no more sul- 
phuroiLs oxide comes olf. When col I iwld 30 c.c. of nitric acid, 
bAil and dilute to 100 cc. Afld i c.c. of very dilute hydrochloric 
aci«l (i to joo).t stir well, and allow to stand overnight. 
Di'cant on to a Swr^lish filter pafier, dry and calrine. 

Mix the ashes with too grains of litharge and 1 gram of 
charcoal, and fuse in a small crucible. Detai'h the button of lead 
and cupel Weigh and make the usual cormetiotut. Aa an ex- 
ample, too grams of ore treated in this way giive 5.8 milligrams 
of silver; deducting 0.8 for the silver abided in the oxide of lead 
leaves 5 milligrams obtained from the ore. Another experiment 
on too grains of the same ore to which 5 milligrams of stiver had 

• Be careful to raaove the cmdble before taking the bottle oat of the 
bseia of wmitt ; if thU U not done the chlorfdo may be washed oat of it 
t 1 SLO. of lUedilsu add vUlpredpiute Borg sdlUgnme of iOvK* 



been added gave ii.o Deduct. 5.8 for the silver 

adde<l ; this leaves $,2 milligmins ns the silver obtained from 
the 0(8. These give, as a mean result, 0.0051 per cent, or 
1,66 ounce per ton. 

Determination of Silver in Commercial Copper.— For 
the method of doing this, with an example and experiment, see 
under the heading of Examination of Commercial Copper. 

VOLDMETBIC METHODS. 

There are two of these, one adapted for the detenninatioD of 
silver in alloys of approximately known Cfaij[)osition, and the 
other of more general application. The first of these, generally 
known as ^‘Gay-Lussac’s” method is, as regards its working, 
perfect in principle ; but it re^juires a practically r(4}Ftaut quantity 
of silver, tlmt is, one which varies by a few mihigrams only in 
each determination. It is a confirmatory method rather than a 
determinative one. The other is known as “ Vol hard’s/’ and 
resembles in principle and method an ordinary volumetric pro 
cess. 

Qay-Lnssac's method is based on the prei ipiution of silver 
from S nitric acid solution by a solution of sotiium chloride. The 
point at which tho whole of the silver is prc<'ipitated V)eing lei-og 
iiiso<i by the .vtandurd solution cesising to gi\e a precipitate. The 
process de|veiids for its suect^v^ tqjon, (i) the which .rilvei 
chloride stqfa rates out from the solution leaving it clear aftcu 
shaking, and. (2). the cloud incs,s pruluml by the reaction of very 
snuUl quantities of silver nitrate and sodium clilnride. In woik 
ing, A qiiaritity of the soilium chloride solution equal to 1 gr;ui 
of silver us addi"^! at once to tho ;issay ; and, when the solutioi. 
hofi Ix'on rendend clear by shaking, the residual silver (whicli 
should not exeee<i a few milligrams) is estimated with the help ol 
a w'eakor Solution of s<K]ium cliloride. The success in workinc 
evidently depends upor the accuracy with which the first ad di 
tion of tho salt solution is made. On this .account the standard 
solution is run in from a F|KHnal pipett-e capable of delivering a 
pnictically invariable volume of Rdutiou. It is not so important 
that thiaithnil deliver exactly too c.c. os that in two consecutive 
deliveries the volume shall not differ by more than 0.05 c.c. 
T)ie dilute salt solution is one-tenth of the strength of that first 
rtm in, and t c.c. of it is equivalent to i milligram of silver 
Ordinarily it is run in i c.c. at a time (and an ordinary buretU 
may bo used for this purpose), shelving between each addition 
until it OMMB to give a precipitate. If many such additious haw 
to be made the operation not only becomes tedious, but the soJu 
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don niso ceases to clear after ahakiugi so that it becomes impos- 
sible to determine the finishing point. 

If the assa;^ contains less than one gram of silver the first 
addition of the dilute salt solution of course produces no precipi- 
tate. Five milligi-ajns of silver in solution {5 c.c.) is then added, 
and the assay proceeded with in the usual way; 5 milligrams of 
silver being deducttHl from the amount found. 

There is required for the assay a tiandard solution of $odium 
eddaridey which is prepared by dissolving 5.4162 grams of the salt 
(made by neutndizing carbonate of soda with hydroclUoric acid) 
in water and diluting to one litre. 100 c.c. of this is equivalent 
to I gram of silver. 

Tlio weaker solution of salt is made by diluting 100 c.c, of the 
stronger one to one litre. One c.c. of this will equal i milligram 
of silver, or o.i c.c. of the .stronger solution. 

A standard adutim of silvfr e<|uivalent to the dilute salt 
solution is made by dis.solving i gram of line silver in 10 c.c. of 
dilute nitric acit), and diluting with water to one litre. 

The soluticui of s;ilt is stain la nlLscd a.s follows : — Weigii up 
1.003 Ibic silver and dissolve in 25 c.c. of dilute nitric 

acid in a little j'rovided with a welldittiug (lat* 
headed stopj>er. ileat on the water bath to assist 
solution, resting tlie In^ttle in an inclined positioti. 
When dLs8oIve<l blow out the nitrous fumes with the 
help of a glass tula* lient at right angles. Kun in 
from a stopjs nsl pijmtte {a.s shown in hg. 44) 100 c.c. 
of the .stantlard salt wdution, and shake vigorously 
until the sfdution chs'irs. Fill an ordinary burette 
with the weaker stindai-d salt solution, and run i c.c. 
into the a.s.say Iwttle, letting it run down the side so 
that it forms a layer n-siing on tlie assay wdution. 
If any silver nunains in sfdution a cloudy layer wiU 
1)0 formetl at the junction where the two liquids 
meet. This is Ixi^l ol>s€;rve<l again.sl a black luick- 
gr- unil. If a cloudiness i.H w-en, shake, to clear the 
liquid, and run in another c.c. of salt, and continue 
thw until a doudines.*! is no longer visible. Dedtirt i.^ c.c. from 
the amount of the weaker sodium chloride solution run in. 
Divide the corrected reading by 10, and add to (ho too c.c. 
This will give the volume of strong salt solution erpiivalent to 
the silver taken. 

If the first addition of the weaker salt solution causes no 
sloadineas add 5 c.c. of the silver solution from an ordinary 
pipette, shake, and then run in the weaker salt solution, working 
rm before. These $ milligrams of silver ndM must he allowmi 
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for before calculating. As an ejuiniple: — i.otoo gram of fine 
silver was taken for standardiBing a solution and 4 c.c. of the 
weaker salt solution were run in. Deductu^ 1.5 and dividing 
by 10 gives 0.25 c.c. to be added to the 100 c.o. 

100.25 • l oioo :: 100 : X 
X = 1.0075 

which is the standjird of the salt solution. 

The method of working an awyiy may be gathered from the fol- 
lowing example : — In the de term i nation of silver in some buttons 
left after cupeliatlon, it was assumed that these would contain 
99.5 jwr cent, of silver. For the a'«ay it was necessary to take a 
(piantity that sliould contain a little more than 1.0075 
silver; then 

99.5 : 100 ; : 1.0075 : x 
u, = 1.0125 

To ensure a slight excess, there was taken s.0150 gram of the 
Imrtons, which was trejitcii in exactly the same way as for the 
Bt iiidardising. The quantity of the weaker salt solution required 
w;is 7 c.c. ; deducting 1.5 c.c., and dividing by 10, gives 100.55 c.c. 
of ritrong 6.1 It solution, which is equivalent to 1.0130 gram of 
silver. This being obtained from 1.015 of alloy, is equal to 
99.8 per cent., or 99S.0 hne. 

The Elio cl of Tomperaturo. - The standardising and the 
H.s.«ay in list 1 k» done at the same time, since a difference of 5'’ C, 
tnakt's a tliilcivnce of o.i c.c. in measuring the 100 c.c. of strong 
solution of siilt. It is always l>e.<t U> prepare a standard with each 
hatch of assavH. 

SULPHO'CYANATE METHOD. ~ Volhard’s process Ls 
IkiswI uptin the pivcipitalion of silver in nitric acid solutions 
with potajwiiuin sulpluicyanate, the hnishing point being the 
development of a reddish-brown colour, protluced by the action 
of the excess of sulpliocvanate uptm ferric sulphate. The white 
sulphocyanato w'ttle.H readily, Ic.aving the liquor clear; «nd a 
[>ersistent brown coloration in the liquid indicates the huish. 
I'he assay mu.st lie cjirneil out in the cold ; and water free from 
chlorides^ must bt* ustnl. 

Th^ gUntdard tndphnct/anale of poUimum solution is mada 
hy disfiolting 4^ or 5 grams of the salt (KCyS) in water, and 
diluting to 1 litre. 100 c.c. are al)out equivalent to 0.5 gram of 
silver. 

* Chlorides interfere not moelj tir removing ^Iver as insoluble silver 
chloride, bat al.‘«o by making it diflicuU to get a g rdsMn g point, 
o^ing to the silver ohioride t«iio%iug the oolo^ fwa the iwddanad 
snluOoa. 
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Tht dandard Bolutitm is made by dissolvinjE; 5 gmms 

of 6n6 silver in 50 c.e. of dilute nitrio acid, boiliog otf nitrous 
fumes, and diluting to z litre. 

The tHdicntor is a saturated solution of iron alum, or a solution 
of ferric sulphate of equivalent strength made by titmting acid 
fcrmus sulphate with potassium permanganate. Use 2 c.c. fur 
facl» assay. 

Tlie sulphocyanate solution is stnndanlised by placing 50 c.c. of 
the silver nitrate solution in a flask with 20 c.c. of dilute nitric 
Mcid. diluting to 100 c.c. with water, and running in the sulpho- 
I yanate until the greater [wrt of the silver is piecipiUted ; then 
ndding 2 c.c. of the ferric indicator, and continuing the titration 
a reddish-brown colour is developed, and remains permanent 
after shaking continuously. The a&say is similarly performed, the 
silver being used in the state of a nitric acid solution. 

The ellect of variations in the conditions of the assay may be 
seen from the following experiments, in which ao c.c, of standard 
ailvcr nitrato were used : — 

Eflbct of Varying Tomporature 

Temperature 10' t'. 30” C. 70* C. 100’ C. 

Sulphocyanate reqd. 19.6 c.c. 19.3 c.c. 19.0 c.c. 1S.6 c.c. 

Effect of Varying Nitric Acid: — Varying nitric acid has 
rn effect, except that with u fairly acid solution the flnlslung point 
U somewhat sharper. 

Nitric acid added 5 c.c. 10 c.o. 20 c.c. 50 c.c. 

Sulphocyanate reqd. 19.6 c.c. 19.5 c.c. 19.6 c.c. 19.6 cx. 

Effect of Varying Bulk 

Bolt 50 c.c. 100 c.c. 200 c.c. 300 c.c. 

Sulphocyanate rcqd. 19.5 c.c. 19.6 c.c. 19.6 c.c. 19.7 c.o. 

Sffbot of Varying Anunonio Nitrate : — 

Ammonic nitrate o gram 1 gram 5 grams 10 grams 

Sulphocyanate reqd. 19.6 c.c. 19.6 c.c. 19.7 c.c. 19.9 c.c. 

Effect of Varying Silver > 

Silver added I c.c. zo c.o. 3o c.e. 50 c.c. loo c.c. 

Solpbocyanaie reqd. 1.0 c.c. 9.7 c.c. 19.6 c.c, 49.4 c.c. 99.00,0. 

This method is valuable for determining silver In saltK, alloys, 
and solutions, where no more than an ordinary degree of accuracy 
is demanded. It Is easy, and applicable under most of the usual 
mditioot. Ita greatest disadvantage is the brown ooloratior 
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pro^nt^ by tbe sulphooyanate when the away ig nearly, bat not 
i^uiie, tioiaited ; and the slowness with which this is removed on 
ghakinB up with the precipitate. This is worse with large 
quantities of precipitate, and if about i gram of silver is present, 
it gtvee an indehniteness to tbe finish which lowers the precision 
of tbe process to about i in 500 ; this is useless for the assays of 
bullion. One writer states that this inconvenience is due to 
^)ortiona of liquid being entangled in the precipitate, but it 
appears much more likely to be due to the action of the precipitate 
itself. In attempting to apply the process to the assay of bullion 
by working it on tbe principle of a Gay-Lussac assay, it was 
found that a very oonsidentble excess of silver was required to 
complete the reaction. In these experiments 100 c,c. of “sulpho- 
cyanate” (very accurately measured) was run into the solution 
containing the weighed portion of bullion (line silver) and, after 
shaking the solution, was filtered. In the filtrate the remaining 
cilver, if there should be any, was determined by the ordinary 
titration, but with “sulphocyanate” of one tenth the strengtii. 
This final titiation was quite satL factory. The amount of silver 
precipitated by the first 100 c.c.. however, \Tiried with the 
quantity of silver present as in the following series,* 


SHripr prewnt, 

1.1342 gram. 

I.J4U5 H 


Silrrr rre.-ii iiated. 

1,1322 gniin. 
*•'335 » 

113:9 . 


These, of course, preclude a method of the kind aimed at, and 
at the .same time emphasise the imjxirtiince of uniformity of work 
in the ordinary process. In the determination of chlorides in sea- 
water, Di ttmar used a combined met h oil : precipitating the bulk 
of the silver as chloride, and after filtering, determining the 
small exceas of silver by wilpbooy.mate. This modification 
armwere admirably when applied to the ass;iy of bulliou. In the 
ordinary Oay-Lussoc method, the precipitation of the bulk of the 
silver by the 100 c.c. of salt solution Ie.aves nothing to be desired, 
either as Jo ease in working or accuracy of result; tbe silver 
precipitate settlea quickly, and leaves a clear liquor admirably 
fitted for the detennination of the few milligrams of silver 
^malmng in solution. But the method of determining this 
residual silver by adding successive small quantities of so 
long ai th^ oontinue to give a precipitate is unsatisfactory, and, 

* Tbsie fftnlts wars obtained when using ammoninm snlphocvanatt, 
•ad cannot «g^ainad bj the pieeeooe of such impniitiM ae oUorioei^ Bq, 
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judged on Its own merits apart from the rest of the process, could 
hardly escape condemnation. It is clumsy in practice, for the 
continaed adding of small portions of salt solution is laborious 
and becomes impossible with more than a few milligrams of silver 
in solution. The proposed modification is simple ; having 
precipitated the silver with the loo c.c. of salt solution, as 
described under Gay-Lussac’s method (page 1 20), shake till the 
liquor clears, and filter into a flask, washing witii a little distil led 
water. Add 2 c.c. of ** ferric indicator” to the filtrate and titrate 
with a eUindard ** sulphocyanate solution ” nimle by diluting the 
ordinary standard solution to such an extent that 100 c.c. after 
diluting shall l^e equivalent to o.i gram of silver,* Calculate tlic 
weight of silver found by “sulphocyanate ” and add it to the 
weight which 100 c.c. of the salt solution will precipitate. 

An advantage of this mtxlification is that an excess of 15 
milligrams may be determined as e;i.Kily and exactly as 5. In 
standardising the salt solution, then, weigh up, say 1.0150 gram 
of pure silver, dissolve and titrate. Suppose 13.5 c.c. of “ sulpho- 
cyanate ” required ; then these are equivalent to .0135 gram of 
silver, (100 c.c. ~.i); the silver precipitated by the siilt is 1.0150 
- .0135 — i.tf., 1. 00 1 5 gram, which is the standard. 

Application of the Method to Assays for Arsenic,— If 
silver nitrate be added to a neutral solution of an arsenate of one 
of the alkali metals, silver arsenate (AgjAsO^), is thrown down 
as a dark-red precipitate. If, after adding excess of silver nitrate 
to insure a com})lete precipitation, the arsenate of silver be 
filtered ofl; the weigijt of the arsenic could be estimated from the 
weight of silver arsenate formed. But this may bo tlono murli 
more conveniently by dissolving the precipitate in nitric acid, and 
titrating with sulphocyanate; the silver found will be to the 
ai^nic present as 324 (108 x 3) is to 75. 

The mineral is Ijeet treated l^y the method given in the thirl 
paragraph on page 3S2 ; but the solution, after l>eing aci<lificd 
with nitric acid, should be made exactly noutriil with ammonia. 
A small excess of silver nitrate should then be added, and since 
acid is liberated in the reaction, the liquor must again l>e 
neutralised.f The precipitate must then be filtered olf, and 
washed with distilled water. Then dissolve it in paper ly 
slowly running over it 20 c.c. of dilute nitric acid. VVanh tin* 
filter with distilled water, collecting with the filtrate in a smu!! 
fiasL Add a o.c, of ^ fnric indicator ” and titrate. 

* Valt^y tbs $tandard by 1000^ and dllnts 100 o.e. of tbs siandArtl 
■^oUoB to tbs resulting onmber of c o. Thna with a solution of a 
Standard *495, dilute too e,e. to 49$ clo., nsliig, of oonrse, distilled waUr. 

f HMiyAiO, 4 3 AfMO, - 4 UNO, ^ 
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If the ealphocyanate solution be made up with ii or 12 grams 
of the potiiAsium salt to the litre, and be then standardised and 
diluted, so that for 100 c,c, it shidl equal 1,08 gram of sUve*’, 
(see p. 38)) then it will also equal *25 gram of arsenic (As). 
Kjcept for ores rich in arsenic, it will be better to work with a 
solution one half this strength. The standard as calculated from 
an experiment with pure silver should be checked by another 
using pure resuhlinied white arsenic, which contains 

75 75 % metal. The quantity of white arsenic taken, ,i 

or .2 gnim, should contain about as much arsenic as will be 
present in tiie iLSsays. It is converted into sodium arsenate by 
evaporating bo a small bulk with nitric acid and neutralising with 
soda. The preeipifcition and titration of the silver arsenate should 
be exactly as in the assays. 

The dilliculty of the method is in the neutralising; which has 
to be very carefully done since silver arsenate is soluble in even 
faintly a<*id m>lutioii8 ; one drop of nitric iicid in [oo c.c. of water 
is enougli to procluce an absolutely worthless result; and an 
excess of acid mucli les.s than this is still very prejudicial. The 
;i«ldition of a little sodium acetate to the solution after the final 
ijeutrali.sing has a good effect. 

Arseoio in Ilispickel.—Weigh up ,250 gram of the finely* 
(«uvdere<l ore, and place in a Berlin crucible about or 1 J inch 
iu dmmeter. Treat with 10 or 12 drops, one dixjp at a time, of 
strong nitric acid, warm very gently, but avoid much heating. 
Put on a thin layer of nitre, and rather more than half fill the 
crucible with a mixture of equal pjirts of soda and nitre. Heat 
quickly in the blow-pipe (lame, and when the mass is fused and 
effervescing, witlidraw and allow to oool. Boil out with water, 
filter and wash. Insert a of litmus paper and cautiously 
neutrjiliso with nitric acid, using ammonia to neutralise any 
accidental excess of the acid. Add a gram or so of ammonium 
nitrate and silver nitmte in exc^, neutralise again with ammonia 
and add two or three grjtms of sodium jicetate. Filter off the 
[■iwipitate, wash and tiinite. In the fusion care should be 
-tken to avoid much effervescence (an excess of the soda miti- 
^ tea this) and the opention should be stopped as soon u the 
whole has filtered into fusion. 


OOLORlM£TfiIO BSTERMIHATION. 

Thera is^ properly speaking, no colorimetric method, bat the 
following, wludt ie aometimee uied, is baaed on i imi l ar princtplei, 
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It is useful for the determinAtion of small quantities of silver in 
substances which yield clear solutions with nitric acid. 

Dissolve a weighed quantity of the substance in nitric acid, and 
dilute to a definite bulk. Divide into two equal parts. To one, 
add a drop or two of dilute hydrochloric acid, stir and filter. To 
the other, add a simihir amount of dilute acid, and then to the 
filtered jwrtion nm in from a burotto .stmdird silver nitrate 
(i c.c. *= 0.5 inilligntin silver) until the solutions are equally 
turbid. Calculate in the usual way. 


GOLD. 

Gold occurs in nnlnro chielly as metal. It always contains 
more or less silver, and. in iilluvial smds, Jcc., may be associated 
with platinum and indium. 

Gold Is insoluble in hydrochloric or nitric acid, but is diH.<isolv<!d 
by aqua regia or by solutions of iodine, bromine, or chlorine. It 
is taken up by mercury, forming an amaUj-m, from which the 
mercury may be driven olf Vy heat 

When gold occurs in pirtirlca of any size, it is readily detected 
by its apj)oi\nince, but when fiiicly disseminated through a large 
quantity of rock, it is si^pirated and dotmeti by the amalga- 
mation assay — described U low— or by a process of wavhiiig 
uomewliat similar to vanning, or by the following test: — Powder 
and, if necessary, roast 50 to 100 grams of ilieore, put on it three 
or four crystals of imline and enough alcohol to cover it ; allow to 
stand for half an hour; a piece of filter paper moistened with 
the liquid ami burnt leaves an ash with a distinctly purple 
tint if any gold is present. It Is better, however, to filter oiT 
the 8^>lution, evajx^nitc, and i;,uiito. Then, edther take up with 
mercury, and ignite the amalgsim so as to got a speck of tlie 
metallic gold ; or treat with a few drops of a(jua regia, and test 
the solution with stannous chloride : a purple coloration indicate 
gold. 

AHALGAlffATION ASSAY. — Tliis does not attempt te 
give the total pruiluce of gold, but rather the quantity which 0.111 
^ extracted on a large sc^e ; therefore it should imitate as closely 
as piseible the proce^ adopted in the mine or district for ex 
tracting the metal. 

Taka 2 lbs of tbe ore in powder and roa^ ; make into a stiff 
paste with liot water and rub up for an hour or so with a little 
mercury. Wash ofl^ the sand carefully, and collect the amalgam. 
Drive off the mercury by heat, and weigh the residual g(d<L U 
is beat to it with lead before weighing. 
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In an experiment on a lot of ore which contained 0*189 gram 
of goUl, 0.179 K™® obtained by the above process, equal to 
about 94J per cent, recovered. With ores generally, the yield 
may be from 80 to 90 per cent, of the actual gold present. 


DBT ASSAY. 

The dry a*«ay of gold ores resembles in its main particulars the 
dry iissiiy for silver by the crucible method ; and for much that i» 
of im{K)i t4rnce in its discussion the student is referred to what is 
written under Silver on pp. 90-115. 

Size of Assay Charges.— Gold ores rarely contain more than 
a few ounces, often only a few pennyweights of gold to the ton ; 
consequently, the button of gold obtainable from such quantities 
of ore us may be conveniently worked by assaying methods is 
often so small as to require more than ordinary care in its 
manipulation. One milligram of gold forms a button of about 
llm size of one of the full -stops on this p^e, and compared with 
a million similar particles of quartz (about four ounces), reprtwents 
a protiuce of a quarter of an ounce to the ton ; a proportion such 
as the assayer is frequently called on to determine. It is evident, 
tberefore, that a cliarge of half an ounce or less of the ore, such 
us is usual with silver ores, would demand of the worker both 
skill and care in the handling of the minute quantity of gold to 
be obtained from it. Fortunately the work is simple and precUe, 
so tliat in practised hands and with only a 5 gram charge the 
assay of a 5-dwt. ore is practicable; with so small a charge, 
however, ibo i-esult U barely perceptible on a sensitive balance : 
the button of gold should be measured under a microscope. It 
follows, therefore, that larger charges of say 50, 100, or even 200 
grams, luivo an advantage in that they le^^en the strain on the 
worker's attention, and, except in the case of the poorest mineral, 
bring the button of gold within the scope of the l^lance. On the 
otiier hand, the inoanvenience of the larger charges lies in the 
amount of fluxes and consequent size 0! the crucibles required to 
ilux them. 

Sampling. — ^A furtber oonsideratton in favour of the larger 
vhiirges U^he matter of sampling. In preparing his ore, the 
student should ask himself what reasonable expectation he hs^ 
that the portion he puts in the furnace will be of average 
i H'hticss. The larger <fliaiges are likely to be nearer than the 
i^malier ones to the average of the pared pf ore from which 
tliey are takeit In explanation of thisi let os suppoee a laige 



TIXT-BOOK Of ABSAYINa, 


12S 

hMp of 54^1 ore, m sand of the coarseness of full'Stops, and 
containing all its gdd in partidee of i milligram, os uniformly 
distribute as care and labour in the mixing can accomplish. 
Such a heap could not possibly occur in practice, but it will serve 
for purposes of illustration. Now, one ton of the sand, however 
tiiken, would contain appreciably the same quantity of gold as 
any other ton. For a ton would contain about 8000 particles of 
gold; and even if two separate tons differed by as much as 100 
particles (which they are just likely to do), this would mean only 
a difference of i or 3 gmins to the ton. On the other hand, 
two portions of 14 lbs., which should co»>tain on the average 
50 prides of gold, are likely enough to differ by 10 particles, 
and this, calculatet^l on a ton, moans a difference of 1 d\M, It is 
eaJ^ to see that something like this should be true ; for on 
calculating the 141b, lot up to a ton, the deviation from the 
average, whatever it may he, is multiplied by 160; whereas, if 
the ton were made up by adding i4db. lot to i4-lb. lot, up to the 
full tale, then a large proportion of the errors (some btung in 
excess and some in defect) would neutralise each other. An 
average which is practically true when deeding w ith thousands, 
and jwrhaps sufficiently exiict with hundreds, would be merely 
misleading when ajiphed to tens and nnils. Ueasonahle tutfety in 
sampling, then, is dependent largely on the nunitier of purtielos of 
gold in the charge tiken, and the risk of an aiiuurmul result 
less, the larger tho rluirge taken. 

By doubling the charge, however, we merely double the 
number of particles. Powdering finely is much more effective; 
for, since the weiglit of a particle varies as the cube of the 
diameter, halving the diameter of the particles increases their 
number eight-fold. If, now, we mrslify our illustration by 
assuming the particles to have only one-sixth the diameter of a 
full 'Stop (which would represent a powder of a finetK*ss not 
unusual in ores prepared for assaying), we should multiply the 
number of particles by 200 (6 6 x 6 == 316). We should then 

reasonably expect a 14-lb, parcel of the powder to give as safe a 
sample as a ton of the sand would give ; and portions of a sire fit 
for cnidble work, say 50 or 100 grams, would be as safe as 10 or 
ao'lb* samples of the coarser stuff. For example, 60 grams of 
such powder would contain, for a 5-dwt. ore, about 10& ptuiides ; 
sad in the majority of cases the error due to sampling would be 
km than 10 or 13 grains to the ton, and would only occasionally 
mtceed a pennyweight. With richer ores the aoiuad deviation 
stated as so much to the ton of ore might bo greater, but it 
voi^ rspnssnt a smaller proportiim, stated in percentage of the 
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ipold actoflUr present, end would ultimately fall mthin the Umita 
of nnavoidable error. 

It will be seen that the size of the quarts particles haa no 
direct bearing on the argument ; and, in fact, the coarseness of 
the quartz only interferes by preventing the uniform mudng of 
the sand and by binding together several particles of gold ; in this 
last case, particles so united must, of course, count as one larger 
particle. Now, there are some natural ores in which the gold 
particles are all very small; with these fine powdering and 
mixing yields a product horn which a sample may be safely 
taken. Then, again, in ** tailings,” before or after treatment 
with cyanide, we have a similar material, inasmuch as the 
coarser gold has been removed by previous amalgamation. With 
these, it is not unusual to take the portion for assay without any 
further powdering, since they are poor in gold, and hfive already 
been stamped and pissed through a sieve of say thirty holes to 
the inch (linear). 

But there are other ores, in lump showing no visible gold, 
which couuun the gold in all pos-dbie degrees of fineness, from 
say prills of a milligram or so down to a most impalpable powder. 
The treatment of these cannot be so simple and straightforward. 
Suppose a parcel of looo grams (say 2 lbs.) of such ore in fine 
powder, containing on an average 1 particle of i milligram (the 
presence or absence of which makes a difTei'enoe of .6 dwt. on the 
ton), 10 others of about ,5 milligram (each representing .3 dwrt.), 
and 100 others, which are too coarse to pass through an 80 sieve, 
and having an average weight of .1 milligram (each .06 dwt.), 
and that the rest of the gohl, equivalent altogether to 2 ounc^to 
the ton, is so finely divided that a charge of 50 grams may be 
taken without any considerable rL«k of its interfering with the 
sampling. Then in a 50-gnim charge there would be one chance 
in twenty of getting the miUignun particle, in which case the 
result would be 12.35 ^ high; on the other hand, if it 

were not present the result would on this account be ,65 dwt, toe 
low. Of the ten .5 -milligram particles, it is as likely as not that 
one will be present, and its presence or absence would cause an 
error of 3,3 dwte., more or less. Of the 100 particles of .1 
milligram, there would probably be from 3 to 7, instead of 
5, the pre^r number; this wxmld mean a variation of 2.6 
dwta. from the true proportion. So that the probable result 
wo^d range about 5 dwts, more or leee than the 2| ozs.., 
which is the true produce, and there are possibilities of astound- 
ing reaults. It is true that the majority of the results wonid 
he well within these limits, and now and acain the heart of 
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daplkato 18^78; DereithelesB, there can be no reasonaUe 
expectation of a good assay, and to work in this way, on a 50- 
gmm charge, would be to oourt failure. The coarse gold must 
ruin the assay. 

The difficulty may be met by ccmcentrating the whole of the 
coarse gold in a small fraction cl the ore, by sUting and makiiig a 
separate assay of this fraction. A portion of the ore, of about 
1000 grams, is ground to a very fine powder and passed through 
an So sieve, re-grinding when necessary, until only 20 or 30 
grams is left of the coanser powder. This is mixed with fluxes 
and carried through as a sepai'ate A&sj\y. The sifted ix)rtioD is 
thoTougldy mixed, and a portion of it, say 30 or 50 grains, taken 
for assay. The weights of the two portions must be known, and 
care must be taken that nothing is lost in the powdering. The 
method of calculating the mean result from the two assays is 
shown on page 109. In tliiswayof working there is no advantage 
in continuing the grinding until the coarser fraction is reduced 
to a gram or BO — rather the contrary; ami rubbing on until all 
the gold is sent through the sieve is to be distinctly avoided. The 
student must bear in mind that what be is aiming at is the 
exclusion of all coarse gold from the portion of ore of which he is 
going to take only a fraction. 

The question of the smaller sampling of gold ores has been 
dwelt on at considerable length, as its importance, in order 
that the student may be impre.sse<l with a sense of its true mean- 
ing. Sampling is nut a mystery, nor dota the art lie in any 
subtle manner of division. It is, of course, absolutely necessary 
that the stuff to be sampled shall be well mixed, anti the fractions 
taken, so that each part of the l|^tle heap shall contribute iu 
share to the sample. Moreover, it must be remembered that 
toesing about is a poor sort of mixing, and that everything tend- 
ing to separate the large from the small, the light from the 
heai^, or the soft from the bard (as happens in sifting), must l^e 
avoided, or, if unavoidable, must be remedied by subsequent 
mixing. 

With a welhtaken sample, we may rely on a great majority of 
our reeolto falling within normal limits of error; but nothing 
can be more certain than that, in a moderately large experience 
we shall get, now and again, deviations much mord consider- 
able. Tb^ erratic assays can only be met by the method of 
working duplicates, which callatt6oti<m to the fault by discordant 
letoha. Bucb faulty assays should be repeated in duplicate, so 
tlifti we may rest the dectsioo im three out ctf four det^minations. 

The likelihood of two very fauhy imyi betng oemoordaut b 
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remote; but with very important work, ee in selling parcels of 
ore, even this risk should be avoided, as concordance in these 
cases is demanded in the reports of two or more assayers. The 
following actual reports on a disputed assay will illustrate 
this: (0) 5 ozs. i dwt. ; (ft) 5 ozs. 10 dwts. 12 grains; (c) 5 ozs. 

II dwts.; (d) 5 ozs, II dwts. 12 grs. The mean result of 
several assays, unless there be mme fault in the method, 
will be very fairly exact; and individual assays, with an uncer- 
tainty of 1 in 20, may, by repetition, have this reduced to i in 
100 or less. 

Assay Tons, etc.-— Having decided on taking a larger or 
smaller portion, the exact quantity to be u.sed will be either some 
round number of grams, such a.s 50 or 100, easily calculable into 
percentage; or it will be that known as the “ Assay Ton ” (see 
page 13) or some simple multiple or frat tion of it, which is easily 
calculable into ounces. Tiie rcpoi'ts, too, are at leiist as often 
made as ounces in the short ton of 2000 lbs., as on the more 
orthodox ton of 2240 lbs. Now the .short ton is equal to 29,166,6 
troy ounces ; and the coiresponding fussay ton ” is got from it 
by replacing ounces by milligrams, Tlie advantage of its use is 
that if one iisKiy ton of ore has been taken, the number of milli- 
grams of gold obtained is also the number of ounces of gold in a 
ton of the ore, and there U absolutely no calculation. Even if 
half an assay ton has been taken the only calculation needed is 
multiplying the milligrams by two. On the other hand with a 
charge of two assay tons the milligrams need halving. Where 
weights of this kind (i.«., assay tons) are not at hand they may 
be easily extem[)ori.>.tHl out of buttons of tin or some suitable 
metal, and it is letter to do this than to array out the graoLs 
and iU fractions at each weighing. The sets of “assay tons,” 
however, are easily purchased. As stated on page 13, the assay 
ton for 2240 Iba, is 32.6667 grams; and for the short ton, 
29.1667 grams. If, however, the round number of giuma be used 
and the result brought by calculation to the produce on too grants, 
the conversion to ounces to the ton may quickly effected by 
the help of the table on j^ge 107. As this table only deals with 
the ton of 2240 lbs., it is supplemented here by a shortened one 
Ming only^with the prtxltice of fooiframt and stating the result 
in oancey (ppy to tfte Mort ton of 2000 ^ft». 

Bstinuition of Small Quantitios of Ooldu-Sy the Balanee. 
In eetuoating minute quantities of gold there are one or two 
pointe, of importance to an as^iyer only in this assay, where tbij 
^1 often allow one to avoid the working of inconveniently large 
churgea. One of these is known as “ weighing by the method of 
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TABfil fOR OAlfOUltiUSO OVHOn TO TBB BBOBT TOR VBOM TBI 
TOLD OF GOLD FROK 100 GRAMS OF ORB. 
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vibration^/' Stipposo & balance at rest in perfect equilibrium, 
with the pointer exactly over the middle point of the scale. Let 
the scale be a senes of points at equal distances along a horizontal 
line ; then, if a small weight be placed on one pan, the pointer 
will deviate from its V0rti(^l position and come to rest opposite 
some deSnite part of the sc^e, which wilt depend upon tlie 
magnitude of the weight added. The law determining this 
position is a very simple one; the deviation as measured along 
the points of the scale varies directly as the weight added. For 
example, w ith an ortlinarily sensitive balance, such as is used for 
general purposes, one milligram will move the pointer along, say, 
iltree divisions of the scale; then two mUligrams will move it six 
divisions ; half a milligram, one and a half divisions ; and so on. 
Ot coui-ie, with a more sensitive balance the deviations will be 
greater. Now the point at which the needle comes to rest is also 
the middle point about which it vibratos when swinging. For 
example, if the needle swings from the third to the seventh 
division on the right then [ (7 + 3)*^ 2] it will come to rest on the 
fifth. In working by this mcth(^ the following conventions are 
usef ul : Always place the button to be weigheti on the left pen 
of the balance, the weights on the right ; count the Uivtaions of 
the scale from the centre to right and left, marking the former + 
the latter ; thus 5 is the fifth divhdoQ to the left. Then 
the position of rest is half the algebraic sum of two readings. 
For example, let the readings be 7 to the right and 3 to tht left, 
^ha&(+7-3)-l*R» mean divisioo ia the Moonddivisioa 
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to tJie right. If the student will plaoe himself in front of a 
balance and repeat the following observations and replace the 
figures here given by his own, be will have no dufficulty in grasping 
the method. First determine the bias of the balance ; suppose 
the unloaded balance swings -b 1.35 and - 1 ; the bias then is 
(1.35-1)+!= +*125 or one-eighth of a division to the right, 
'(fow having put on the button to be weighed let the readings be 
+ 7.5 and +9.35, and (7.$ + g.25) + 2« +8.375. Xbentheeffect 
of the button has been to move the pointer from + .125 to +8.375, 
or 8.35 divisions to the right; we should, therefore, add the 
weight equivalent of 8.35 divisions to the weights, whatever they 
may be on the right band pan of the balance ; if the divisions 
were to the left ( - divisions) we should subtract. The value of 
] division is easily determined. Suppose the button in the 
ample were a i milligram weight, then we should have found 
that I milligram-8.25 divisions.'.! division-. 121 milligranu 
This method of working adds very considerably to the power of a 
balance in distinguishing small quantities. 

Ihj tht Microtcopt, — The use of the microscope also is a real 
advantage in estimating the weights of minute buttons of gold 
where there is no undue risk in sampling, and where an error 
of say I in 20 on the quantity of gold is tolerable. For ores with 
copper, lead, zinc, itc., as weU as for tailings rather poor in gold, 
this leaves a wide field of usefulness. The method is describe on 
page 440, but the description needs supplementing for those who 
aie not accustomed to the use of a microscope. The eye-piece of 
a microscope (fig. 440, A) unscrews at o, showing a diaphragm 
at which will serve as a support for an eye-piece micrometer. 
This la-st, B, is a scale engrav^ on glass, and may be purchased 
of any opti(^ instrument maker, though it may be necessary to 
send the eye-piece to have it properly fitted. When resting on 
the diaphragm it is in focus for the upper lens, so that on looking 
through the microscope, the scale is clearly seen in whatever 
position the instrument may bo as regards the object being looked 
at, Suppo.se this to be a small button of gold on a shallow, flat 
watch-glass, on the stage of the microscope. Bring the button 
under the ** objective " {t.e,, the nose of the microscope), which 
should be Ibout a quarter of an inch above the watch-glass ; then 
looking through the instrument, raise the tube until the button 
of gold, or at feast some dust on the glass, comes into focus. If 
the button is not in the field, rest the thumbs and index fingerS| 
using both bands, on the edge of the watch-glass, pressing lightly 
but Sicily, and give the gla^ a slow, short, sweeping motum; 
‘ the button will perhaps appear as an ill-defined tflacknesB, becaose 
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moi quite in focus. Bring ibis into the centre of the field. 
Raise or lower the microscope until the button appears with 
sharp outlines. If the scale does not cover the button, rotate the 
eye-piece ; this will bring the scale into a new position. Sin<» the 
divisions over the button are less distinct than the others, it is 
best to read the latter. Thus, in fig. 446, there are 36 divisions 
' on one side of the button, and 35 on the other, making altogether 
71, The whole scale is 80, therefore the diameter of the button 



IS 9 divisions. The value of each division obviously varies wit h 
the magnifying power employeii. With most microscopes there is 
a telescopic arrangement whereby the lube may be lengthened! ; 
if this be done and the button again brought in focus^iit will 1« 
seen that, as measure<l on the scale, the button is much larger 
than before. It is evident, therefore, the micrometer must 
always be used in the same way. The method given in the ap- 
pendix (pagu 440), for finding the value of the scale when gold 
Duttona are to be measured is easy and satisfactory. When the 
boUon of gold it ao amaii that th^ ie considerable riak of keiDg 
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fa faanafenfag to a wafah-glugg, it may be meaeared on the 
cupel, but for this purp<»e it must beweD illumfaated: this is 
best done by ooncentrating 
li^ht on it with a lens, or 
with what oomoB to the 
game thing, a clean flftglg 
filled with water. 

Most aasayers, however, 
ufiing a micrometer in this 
way, would like to knowita 
abeolute value. To do this, 
a stage micrometer must be 
purchased. This is like an 
ordinary miciwcope slide 
(fig. 44a, C), and when 
looked at through a micro- 
scope it shows (fig. 441:) 
lines ruled on the glass at 
distance* of tenths and 
bundredthfi of a millimetre, 
ten of each, so that the full 
scale is i.i mm. In tlie ca.se illustrated, 60 divisions of the scale 
m the eye piece ore just equal to the i.i mm., therefore i divi- 
sion equals .0183 mm. A cube of tills diameter would contain 

(.0183 X .0183 X .0183) 
.0000061 2 S5 cubic mm. 
The corresponding sphere 
is got by multiplying by 
•5^3^' ^^^*sgi''cs.ooooo32o9 
cb. mm. The weight of 
X cb. mm. of wjuer is r 
milligram ; and, since gold 
is 19.2 times as heavy aa 
water (s^ g^«i9-2), the 
contents in cb. mm. most 
be multiplied by 19.2. This 
gives .0000616 milligram 
as the weight of a sphere 
of gold measuring i divi> 
aion. 

If every result had to 
be calculated in thi« way 
the method would be very 



1x0.44* 


K t.., . % . , . method would be varv 

Ubonous; hut, havmg the figures for the fixot division, th^ 
M the others mey be celculeted by mnltiplyii^ by the mbs 
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tbe comsponding number. Tbue, for the third diTision 
(3x3x3-27), the content of the cube (.0000061285x27) is 
.0001655 cb. mm.; the content of the sphere (.000003209 x 27) 
is .0000866 cb. mm. ; and the corresponding sphere gold 
(.0000616 X 27) is .00166 milligram. With the help of a table of 
cubes the whole calculation for 25 or 30 divisions ma^ be made in 
half an hour, and the results preserved in the form of a table will 
simplifj all future work. 

Assay Operations.— The actual work of the assay resolves 
itself into three operations: — (i) The fusion of the ore and con- 
centration of the metal” (i.e,, gold aud silver) in a button 
of lead; (2) The cupellation of the lead, whei'eby a button of fine 
metal is obtained; and (3) the “parting" of the gold which 
separates it from the accompanying silver. The following descrip- 
tion takes the ortler as here given, but the student, in learning 
the method, shotiM first practise cuj)cIlation if ho lias not already 
done 80 ; next he should practUe the soixaration of gold from 
silver, taking known weights of fine gold (p. 63), varjing from .5 
or .3 gram down to quite minute quantities, and not resting 
satined until a sensitive bilance can lurely distinguish between 
the weights of gold taken and found. It may l)e noted here 
that if he has not a flatting mill at Ida dis|Kisal, then for large 
buttons it is better to make an alloy wdth eight or nine parts 
of silver to one of gold, and attack it with acid without pre- 
vious fiattening, rather tlian accept the risk and lalwur of l)cating 
out a less ^ualy attacked alloy to the nec^vsary thinn^s 
with a hammer. It is only after a simse of security in gold 
parting has been acqtdred, that the attack of an ore can he 
profitably accomplisht^, and even then simple and easy ores 
should first taken, passing on to others more ditficult, either 
because of a more complex mineral com^Ktsition or a diiliculty iu 
■ampling. 

Concentration of the Ane Metal in Lead.— The best fiux 
for quartz, which makes up the earthy matter of most gold ores 
IS 80^ and this is best added as carbonate or bicarbonate. By 
theory, ♦ 50 grams of quart* will require 88.5 grams erf the 
carbonate, or 140 grams of the bicarbonate, to form sodium 
silicate, w hich is a glassy, easily- fusible substance, making a good 
flag. If the bicarbonate is u^, and boat is applied graduidly, 
steam and carbonic acid are given off at a comparatively low 
temperature, and the carbonate is left ; at a higher temperature 
{tboai 800*^ C., or a cherry-red boat) the carbonate fuses attack' 
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ing the qoftrte, and giving oflT more carbonic acid ; as the heat 
inoieases, and the attack on the quartz (which of itself is in' 
fusible) becomes complete, the whole mass settles down to a liquid 
sodium silicate, which is sufficiently fluid to allow the gold and lead 
to settle to the bottom. The fluid slag does to a certain extent 
iissolve some of the crucible, but not seriously. In a perfect 
working of this expeiiment, the first evolution of gases (steam 
and carbonic acid) should he gentle, so as to run no risk of its 
blowing the fine powder out of the crucible; and the heat at 
which the second evolution of carbonic acid is produced should be 
maintained until the reaction is completed, so that there may be 
little or no formation of gas in the fused mass to cause an 
eflervescence which may force some of the charge over the edges 
of the crucible. Of course, in practice the ideal fusion is not 
attained, but there is no difficulty in approaching it closely 
enough to prevent the charge at any time rising above the level 
it rc^u’hed at first in the crucible, and thisshould be accomplished. 
It is usual with quartzose ores to rely mainly on the action of 
carbonate of Koda, but not entii-ely. Litharge is also used; it 
forms, on fusion with quartz, a silicate of lead, which is a yellow 
glass, easily fusible, and more fluid in the furnace than silicate of 
soda is. By theory, 50 grams of quartz would require 186 grams 
of litharge,* The ruction takes place without evolution of gas, 
and in its working the only point is to so regulate the heat that 
the litharge shall not fuse and drain under the unattacked 
quartz, leaving it as a pasty mass on the surface. Now, if in 
making up a charge for 50 grams of ore, we took 100 grams of 
bicarbonate of soda (etjui valent to al>out 63 gramB of the 
carbonate), this being five-sevenths of 140 grams (which by itself 
would bo sufficient), leaves two-sevenths of the quartz to be fluxed 
by other reagents: two-sevenths of 1S6 grams (say 5? grams) of 
litharge would serve for this puqiose. But if we used 10 grams 
of borax, which has a action about equal to that of the 

litliarge, then 40 grams of the latter, or (making an allowance for 
the quarts being not quite pure) say 35 grains, will suffice. The 
iluxos, then, for the 50 grams of ore would be : bicarbonate of 
soda 100 grams, litharge 35 grams, and borax 10 grams; we 
could de(A'ease any of these, an<l proportionately increase either 
or both of the others, and still rely on getting a fusible slag, 
which is the whole of l^e function of a flux, considered simply as 
s flux. It should be remembered, however, that the slag is a 
bi'silicate or add slag, and that its acid character is increi^ faj 
increasing the proportion d borax. 

* FbO f SiO, w FbSfOU 
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But in addition to the fluxes there is required about 30 or 
40 grams of lead to collect the silver and gold. This is beet ^ded 
as litliarm (say 40 grams) and flour ^ grams), or charcoal powder 
(a grain^. See pages 93 and 94. The full charge, then, would 
be: 


Ore 50 gnn»* 

B{<mrboDate of soda 100 „ 

Litharge 75 n 

Sorax •...«•• 10 H 

Flour 4 N 


Theee should be mixed, placed in a suitable crucible (a O Battersea, 
round, will do), and heat^, at flrst at a red boat, but Anally much 
hotter, so as to get a fluid and clean slag. When the charge has 
been in tranquil fusion for some little time, take it out and pour 
it into an iron mould. When cold, detach the button of lead. 
The slag should be all through alike, and easily separable 

from the metal. \Vith ordinary ores, this slag may lx» considered 
as free from gold. In an experiment in which 90 milligrams of 
gold were adde<l, the full amount was obtained from the lead pro- 
duced by the first fusion. But in certain cases, more especially 
where large amounts of mcUUUc oxides are present, the slag is 
not so clean, and with thee© the shig should l)e powdered, mixed 
with 40 grams of litharge and 4 of flour, and melted again ; it is 
an advantage to add a small prill of say 2 or 3 milligrams of 
silver to the charge, a.H it insures a visible pnxluct in the cupella- 
tion. Indeeii, this Iasi, pr<*caution is a good one to bo taken 
wherever there is n‘?u‘V)n to expert very small biittiUiR. It has 
the further advatiUige, tbit, if the quantity of silver ncti-ssju) 
for inquartation is known, the right quantity may bo added here, 
■0 as to Nftve a subsequent operation. 

Ores oontainiug Oxides of Iron. — Of the metallic ozidi's 
likely to be present in a slag, oxide of iron is the most important. 
Gold is ocenrionaily found in a matrix of tills substance, and in 
Ike assay of ^‘concentrates ” largely made up of pyrites, this oxide 
will b© formed in the preliminary calcination. Now, the lower 
oxide of iron (ferrous oxide, KtiO) h easy to deal with; fused 
borax will dissolve about its own weight of it, and a<silicate of 
ioda (such as makes up the bulk of a slag in a gold assay) will 
take up at least half as much. But the higher oxide (ferric oxide, 
Fi/>|} is more r^ractory ; even 6 ports of borax yields a poor 
ptoduet, and slags with any considerable percentage of it are not 
satisfactory. A student attempting to recover gold from some 
luematite (in which there was about naif an ounce of the metal), 
found in the slag nearly a gram of gold, al^ugh in the flr^t 
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fiigioD the dag appeared perfectly fluid. There is, however, do 
(iiflicalty in getting good slags, even with large quantities of iron. 
For example, with 50 grams of ferric oxide, 10 of quartz, 30 of 
borax, 30 of soda,^ 50 of litharge, and 7 of flour, the result was 
quite satisfactory. Bo, too, was 25 of quartz, 50 of soda, 50 of 
litharge, and 7 of flour. It is well, however, in such cases to have 
an ample proportion of flux and to aim at a larger button of lead 
than usual by increasing the proportion of flour or charcoal (see 
also page 91). A charge on the Bandt for roasted “con- 
centrates ” (which we may roughly speak of as quartz and ferric 
oxide), is one assay ton (about 30 grams) each of ore, soda, and 
borax, and one and a half assay ton of litharge and 2 grams of 
charcoal. Whilst, for the Kinie material, from which meSrt; of the 
gold has been extracted by “ chloridising," 2 5 tons each of ore, 
borax, and soda, 4 of litharge, and 4 grams of charcoal are needed. 
This quantity re^juires a large crucible (I Rittersea, round). In 
this the prop<>ii:ion of silicate of soda and borax counted together 
is to the oxide of iron as 4 to i, on the supposition that the 
quartz and oxide of iron of the ore are in about equal quantities; 
but, in the larger charge espechiily, much oxide of lead would also 
remain ns a flux. 

Ores containing Sulphides. — In assaying ores containing a 
l/irge projK)rtion of p}Tites or mispickel, or both, the best plan is 
to take a portion and calcine so as to convert it into a product of 
the kind just considemj. The weighed portion of ore should be 
p]ace<l in a clean cnK’il>le and be h<‘.'itcd to incipient redness: with 
pjTites the first otlect is to drive otT about half the sulphur as 
vapour which burns as flame over the ore. At this stage care 
should be taken that there i$ no great increase of temperature, 
otherwise tleuis may be more or less fusion, which would spoil the 
operation. When the sulphur flame ceases the solid sulphide of 
iron burns with visible incandescence and the charge should now 
be stirred with a flattened iron rod so^ to expose fresh portions 
to the air. The top of the furnace must be open, so that air may 
have free actx^ss to the crucible. When stirring is no longer 
followed by visible burning the heat may be raked to full redness. 
The crudble is then lifted out (the stirrer still resting in it) and 
if the chiA^ gives off no odour of burning sulphur it is shaken 
out into an iron mortar and mixed with the fluxes, taking care to 
clean the stirrer in the mixture. The charge is then replaced in 
the cmdblo in which the roasting was done and fused in tike 
furnace. The resulting button of lead is cupelled for fine meteL 
Ores rich in solphidee requiring this treatment are freqnentiy 

Here and alaewhen in th&i uticU when a fiox is ipokoa of ai aoda 
the bioarbonate is uNaat 
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conoentratet.* For tbeir aeBi^ take i easay ton (30 granu), 
calcine and mix with an eqoM weight of 8^ and of bonui 
(30 grams each), and half as much again of htharge(E.5 tons 
or 45 grams), and with a grams of charcoal or 5 grams of 
flour. 

Where the sulphides are present in smaller proportion (10 per 
eeni or lees), they may be taken as serving the purpose of flour 
or* charcoal (see page 95); the sulphur and iron are oxidiKo^l at the 
sxpense of the litharge with a consequent separation of lead as- 
metal. If the proportion of sulphides is not suilicient to give a 
large enough button of l^d. some charcoal or flour should bo 
added. On the other hand, if they are in small excess and give a 
button of lead somewhat sulphury, i.®., hard and brittle, it may 
be remedied by the judicioiw addfrtion of nitre; this last reagent, 
however, should not bo used in large quantity. A plan much 
used to prevent sulphury buttons is to insert an iron rod or » 
nail in the chargo m the crucible ; the iron takes the Kulphur 
forming siilphidu of iron which in modenite quantity does nf»t 
form a sejmmte layer of matte but dissolves in the slag, A sin;: 
formed of 50 grams of quartx, 100 soda, and some borax, may tako 
up in this way *«)!ric 10 or 12 grams of sulphide of iron. If, 
however, an ore gives a layer of matte or speise, it is best to 
repeat the assay by the melhoii of calcining before fusion. 

Cyanide Charges, eto.— In assaying the tailings'' which 
are to be treated in a cyaniding plant the following charge is 
wed: 


Tailings . 

3 

0 

1 

1 

too grama 

Lithaige . 

4-5 

» 

*$0 M 

Soda , 

4^5 

m 

150 • 

Borax 

‘75 

m 

35 H 


The sand is assayed without any farther crushing and the assay is 
made in duplicate. « 

The residues after treatment with c)*anidc, differing from the 
tailings merely in being poorer in gold because of the extraction 
by the solution of cyanide, are run down with the same fluxes in 
the same relative proportions. But four charges of 2.3 assay ton.'t 
(say 75 grams) are worked, and two of the resulting tmttons are 
•omiliM togetW and then cupelled, etc., so as to give duplicate 
iMays on charges of 5 assay tons. This is one of the cases in 
which tl k wairable to add a small portion of stiver before 
eawlHng. 

M aswying the cyanide liquors ** for gold^ t assay tons of the 
liquor are meaaored oat (58.3 ca for the ton of 9000 Iba., 65.3 c 



for th« otiher) and are evaporated to dzynefli jn a lead disk 
vreigbing about 35 grains. Such a dish is extemponsed out 
of a piece of lead foil, if the ordinaiy vessel is not at hand ; but 
care must be taken that the lead is free from gold. The dish with 
the dried residue is then scorified and the resuiting button of lead 
is cupelled. 

Id some casm the fusion of the ore maj- be replaced bj a 
treatment with solution of cyanide of potas- 
sium and the gold recovered from the solu- 
tion in the way just described. For this 
purpose the ore should be in not too fine 
powder, otherwise there will be great diffi- 
culty in filtering; a sand which will pass a 
30 sieve and having no large proportion of 
very fine stuff will do. Not less than 200 
grams should be tiken ; and as an extrac- 
tion apparatus a bell jar capable of holding 
half as much again may be used. Such a 
jar may be extern porist*<l by cutting off the 
bottom of a Viottle by lendingacrackaround 
it with a red hot ^toker ; or a lamp chimney 
will serve the purjHwe. The smaller mouth 
of the jar is closed by a perforitt^ cork pro- / \ 

vided with a clipped tube after the manner 
of a burette (see fig. ^^d). In the jar, just 44^. 

over the cork, put a plug of loose asl)estos 
or glass wool, or a piece of sponge to act as a filter ; a layer of 
broken glass, coarse at the bottom and fine at the top, will serve 
the same purpose. On this, place the charge of ore to be 
extracted. Prepare a solution of cyanide of potassium in 
water, with 5 or 10 grams of the salt to the litre. It may 
be that the whole point of the assay depemls on the solution 
being of a definite strength ; as, for example, where the 
relative efficiency of solutions of different strengths is being 
determined, when it will be best to estimate the quantity of 
cyanide of pota>^um in the dilute solution by the method given 
at the end of this article (page 1 60). Pour the cyanide solution on 
to the or% letting the first portions to come through run into the 
beaker, but as soon as the ore is thoroughly wetted close the clip 
and allow to stand fw several hours. Then, opening the clip, run 
through more cyanide solution and then water, so aa to wash the 
gold-carrying liquor thoroughly into the beaker- It is no matter 
if the yquor is a little bit turbid; ttvmsfer it to a lead dish, 
*Tspotmte^ Boorifyi and cupel in the usual fashioD. 
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Tlte mMf of gdd^ano sIimeB, which is the pred^tate fonned 
hy ano aotmg on cyanide solutiona of gold, may be made by 
wrapcwg a or 3 grams in 40 grains of sheet lead and scorifying, 
enpeUing, 4 e. The amount of impurity in the stuff varies greatly ; 
it la oswy calcined and mixed thoroughly with soda 40 percent., 
borax 30 per cent, and sand 10 per cent., and melted in graphite 
pots. The buttcms of bullion obtained are afterwards remeltod 
with borax and run into bars, the fineness of which varies from 
600 to 830 thousandths. The bars are sampled by chipping olT 
diagonally opposite comers : or better, by drilling, the diilUngs 
being fre^ from pieces of steel with the help of a magnet. 

CupeUation.*— The cupellation of lead for gold differs very little 
from that of lead carrying silver. When the gold is accompanied 
by a larger proportion of silver, and both have to be determined, 
the cupellation must be conducted exactly as in a silver assay, the 
usual precautions being taken to moderate the temperature so as 
to lessen the cupellation loss and to promote a slow and undisturbed 
solidification in order to avoid spirting. If, however, the gold 
predominates the finbh should be efiV'cti'd at a higher heat, as the 
melting-point of gold is 100' higher than that of silvtT. Ilie bad 
effect of a higher temperature in increasing the cupellation loss 
need hardly 1^ considered in the case of such small buttons of gold 
as are obtained in assaying gold ores, as any loss there may be is 
hardly appreciable by the b^ance. With larger quantities of gold, 
however (as in assaying gold bullion), this lot^s be^mos important ; 
and it is therefore necessary to very carefully regulate the tem> 
peratore of the muffle so as to minimise the loss. 

Tha onpelj are made of welhbumt bone-ash, o( the fineness of 
ooane wheat flour, moistened with one- twelfth iU weight of water 
and compremed into shape in suitable moulds. The moulds sold 
for this purpose are often of unsuibihle shape. Since lead has a 
q)ecific gravity of over 1 1, a cup to hold from 15 to 35 grams of 
l^ten lead need not have a capacity of more than about 3 c.c. 
A hollow about i inch across and ^ inch deep is sufficient; and 
the body d the cupel to abeorb this weight of lead should itself 
weigh from 30 to 35 gram.s. The button of lead in a gold assay 
may be twice as heavy as this. For these larger buttons a hollow 
i| ioeh acroes and | inch deep will be sufficient. If these larger 
eupele are iiot at h^d the lai^er buttons will have to be redu^ 
in sixe ) 3 f a ecorifieation before cupelling. In some oases this pre* 
Iimiiiai7 soorificarioo is advaotagwus or even ncccmiy : this may 
be becuM the lead is hard and impure, or it may be that a very 
null buUoii of gold is expected. In the latter case it is best to 
* 8m tbs dsMTiptIfw (rf tbs p re eass oommiediig on p an and tbs 
espliaateiy rreisrki oa p iia 



OOU).^ 


*43 


0oorify the lead down to eometlung lees tiban i gram, and to per* 
form the cupeUation on a specially prepared small hoe cnpel 
These small cupels are best made by grinding the unsaturated 
portion of a us^ cupel to a fine powder, and compressiiig the dry 
powder into a small Berlin crucible or scorifier ; the face should 
be made quite smooth by pressure from a pestle. On such cupels 
a small speck of gold (less than .01 milli^m) will be left in a 
good shape and easily visible ; but the cupel must be withdrawn 
from the mufHo as soon as the cupeUation is finished to make sure 
of always getting the button in good condition. In places, such 
as Mints, where large numbers of bullion assays are regularly 
made a special form of cupel is used so that not less than six dozen 
assays may all be cupelled at the same time in a muffle of ordinary 
size. Tb^ cupels are ^uare blocks, a little less than 2 inches 
across, and a little more than three quarters of an inch deep. Each 
block carries four hollows of about .7 inch across and .3 inch deep. 
A muffle, on a fioor space of 6 inches by 12, would take 3 of these 
blocks abreast and 6 deep, and thus provide the means for 72 
assays.* 

Cupels made with wet bone-ash should be slowly dried ; and if 
in the muffle they can be slowly brought to an orange-red heat it 
is all the better. Under no circumstances must the lead be placed 
on the cupel before the latter has been so thoroughly heated that 
it can DO longer give off steam or gas of any kind. For this gas 
bubbling through the molten metal spatters it, thus spoiling one 
assay and throwing doubt on all the rest. Again, the of 
freezing at the start is much greater with a cupel which has not 
been properly heated. 

The plan is to do all the cupellations in batches. Ahar 
the muffle has cooled down for the withdrawal of the last batch, 
and the old cnpeU have been taken out, the new cupels for the 
next batch should be put in their place. The furnace should then 
be stoked and made ready for the next cuj)ellations; by the time 
the furnace is ready the cupels will be ready also. There should 
be DO unnecessary handling of the cupels once they have been 
placed in the muffle. 

The oupeUaUon temperature for gold is an orange-red heat 
Or perhaps a little hotter. Beginners, who are apt to overheat 
their furnace, should avoid a heat which can pro^rly be called 
yellow. Dr. T. K. Koeet has determined the temperature ol a 
muffle during the cupeUation of goldosilver alloys at the Bojal 
Mint. In one muffle the temperature ranged from 1065^ to 

* Feny, MikJkm tf SBnmr and Chtd. p ayfi. 
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1095* lo^mt temperatore wm of eoane in the front o' 

the muffle. In another it ranged from loia* to io 5 a^» and here 
the muffle appeared to the eye ** decidedly cooler th^ usual.” 
The alloy left after oupelline was made up of i part of gold to 

parts of direr, and was fused at 952^ ; hence the usual tern* 
perature of cupelUtion was, say, 120° or 130^ above the meltings 
point of the residual metal. To obtain some real knowledge as to 
the meaning of these figures, the student should prepare pointed 
pieces of the following metals : silver, which melts at 945* ; gold, 
which melts at 1035° ; and an alloy, half silver, half gold, which 
melts at 990°. These should be placed on clean cupels in a muffle 
almost entirely closed ; the temperature should be very slowly 
raised, and the appearance of the muffle when each metd begins 
to melt should be carefully noted. The cupelling temperature in 
l)r. Rose's experiment was as much above the melting-point of 
gold as this is above that of the silver-gold alloy. The finish oj 
ihs cupiUaiion of gold or gold -silver alloys is practically the same 
as with pure silver ; there is the same thinning out of thelitluirge 
into a luminous fflm which becomes iridescent before the briglitcn- 
ing. But the danger of spirting decreases as the proportion of 
gold becomes greater, and disap()ears when the gold is much over 
30 per cent. Nevertheless it is well to lot such buttons become 
solid undisturbed and protected from draughts in the body of the 
muffle. Tills means closing the muffle and allowing the furnace 
to cool down somewhat before withdrawing the cupels. Buttons 
solidified in this a-ay are more malleable than when they are 
withdrawn promptly on the finish of the cupellution. This is 
important with large button.s, as in a bullion assay. On the other 
hand, very small buttons, especially such as have to be measured 
rather than weighed, should be withdrawn as soon as the luminous 
film has di.4appeared. For when thi.s is done the buit^u) can be 
loosened from the cupel by merely touching it with the point of a 
pin, and is then safely and easily transferretl to a watch glii.ss ly 
touching it witli the head of a pin winch has lioen moistened. It 
adheres to this, and if the pin is not too wet comes off at once on 
touching the glass, or in any case will do so on gentle warming. 

Molten gold, with little or no silver, has a p(x;u}ijir colour whi( h 
is easy to recognise ; it is more globular than a button of silver 
of the same sue would be, and it shows less mlhesion to (he 
cupel Just after becoming solid it glows beautifully, and this 
•0 marked that it is a valuable help in finding the position of » 
batten when it is more than ordinarily minute. 

If the button left from cupellation is yellow it is at least half 
loU, and a rough gueaa m to the proportion of gold may be made 
horn ill yaUpwnaai; tba rect of the metal ii generally adver. Tb« 
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preeenw of platinum or one of the platinum group of metali 
makes the sunaoe of the button dull and oiystalline. The native 
alloy of asmiam and indium does not alloy with gold, however, 
blit falls to the bottom of the molten metal. It shows itself l\ the 
subsequent partbgas a black spot or streak on tbo under surface. 

The buttons are removed from the cupel with a pair of pliers 
and then brushed to remove adherent litharge and bone-ash. 
Some assayers advise cleaning by dipping in warm dilute hydro- 
chloric acid followed by washing in water and drying. The button 
is next weighed. When the quantity of silver obtained is not 
required to be known tbo weighing may sometimes be omitted. 
The next operation in either case is parting either with or without 
a previous inquartation. 

The less of gold in cupellation is by no means always inconsider- 
.able. In three cupellations of i gram of gold with 20 grams of 
lead made purposely at a very high temperature the cupel ab- 
sorbed 6.04, 6.20, and 6.45 milligrams of gold. Hence at a high 
temperature there may easily be a loss of more thiin half a per 
cent, of the gold. In ten cupellations with the same quantities 
of gold and lead, but at an ordinary temperature, the gold re- 
covered from the cupels varied from 1.37 to 1,92 milligrams, and 
gave an average of 1.59 milligrams. In round numbers the 
cupellation loss of pure guld is .15 per cent. 

Bub if the gold be alloyed with silver the loss is diminished, as 
is shown by the following experiments. Gold, .3 gram, was 
cupelled with 10 grams of lea<l and varying amounts of silver, 
and the cupels were assayed for gold with the following results : 

Silver in the alloy ... ,3 gram .6 gram .9 gram 
Gold in the cupel .47 mUlignm .32 mUltgimm .17 milligram 

These, calcnlated on the .3 gram of gold, give the loss as .157, 
.107 and .057 per cent, respectively. The effect of copper^ on the 
other hand, is to increase the cupellation loss, which, ^ver being 
absent, may from this muse rise to .3 per oent, even when the 
temperature is not excessive. 

In the ordinary assay of gold-copper alloys a constant weight 
of the alloy is always taken ; hence as the wmght of copper in a 
cupel chai^ increases, the weight of gold decreases. The silver, 
on the other hand, is always very nearly two and a half times as 
much as the gold, whatever its quantity may be. But the copel- 
lation loss is smalls with less gold and greater with more oopper, 
end it so happens in these assays that these two opposites nearly 
neutralise <ma another, Mr. W. F. Lowe* found the gold x»- 

* * Assaying and Rall-marldiig at the Chester As«y Offioe.** W. 7. 

Jmms, Aha Cktm, iadviey, Sepk 1889. 
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coTerable from the oupels on which ao gituns of gold bullion had 
been treated varied only between .014 and ,015 grain (ia. from 
,07 to .07s per cent, of the b\ilUon treated), although the quality 
of bullion varied from 9 to 2a carat.* But in the poorest 
bullion there was only 7.5 grains of pure gold, while in the richest 
there were 18.3 grains; yet each lo^ on the cupel the same 
weight of gold, vii., .014 grain. When reckoned in percentages 
of the actual gold present the losses are .187 per cent, and .0 76 
per cent, respectively. The heavier percentage loss is mainly duo 
to the increo^ quantity of copper. 

As with silver so with gold the predominant cause of the 
cupellation loss is the solution of the metal in the molten litharge 
which passes into the cupel. Three lots of r gram of gold cupelled 
each with 20 grams of lead repeatedly, so aa to make 13 
cupellations in ^ 1 , lost in actual weight 35.72 milligrams. Tho 
gold recovereil from the cupels amounted altogether to 34.56 
milligrams. This shows that, compared with tho absorption by 
the cupel, the other causes of loss are inconsiderable. 

Tho loss of gold by t'olatiiimiian is, however, a real one. The 
dust from the flues of assay furnaces has been test'd on several 
occasions and found to contain gold, though in small quantity. 
Thus Mr, Lowe found .073 per cent, of silver and .00033 
cent, of gold in such a matorial. The lead volatilised from a gold 
bullion assay would nml to bo ten times as rich as this to account 
for a loss of gold cnjual to the hnndnHlth part of a milligram. 
Dr. Koee, in the paper alreoily <|unUHl, believes that on a .5 gram 
charge of standoi^ bullion the loss from volatilisation is not less 
than .025 nor more than .05 mtUigram of gold. 

By way of conclusion it may l)e said tliat the cupellation loss of 
gold is about .07 per cent., and that it is largely met or even over 
corrected by a compensating error due to ^ver retained in the 
gold after parting. 

Inquartation. — The method of sepanUng the gold from the 
silver in gold idiver alloys by boiling with nitric arid does not act 
cquiUly well in all cases. An alloy half silver half gold, rolled tu 
thin sheet and boiled for half an hour with nitric acid, may still 
retain more than two-thirds of its silver. An alloy of 1 part goU 
and 1.7 parts of silver gives up practically the whole j)f its silver 
under similar treatment. The gold is left in a coherent, thou^Oi 
easily broken, sheet retaining the shape of the original alloy. Th<' 
gold thus left U quite spongy and bokhu, so tlut the arid aiu 
psnefarate into its innermost sections. Bat if the silver is lq 

* flM or pare gold Is 24 carat Kioe carat grid tbervfor* coauinc 9 
fsfts of gola In 24 of lbs alloy ; rigbteso oaiat grid otmtalas 18 parti ri 
gold in 24; sod so on. 
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9IO60B in tbe alloy, the removal of the silver is less complete, 
and the residual gold, mstcCad of holding together in a form easy 
to madpuJate, falls to a powder which requires and time in 
its treatment. The older asaayers, therefore, added silver to tb«r 
gold in such proportion that the alloy for parting should be one 
quarter gold to three quarters silver. This operation they called 
fR^uor^ionw 

The modern practice is to aim at getting an alloy with 2J parts 
of silver and i part of gold. In gdd bullion aasiiys this propor> 
tion should be obtained with fair exactness. And in the parting 
of such gold buttons as are obtained in assaying ores it is well to 
aim at this proportion, though abiolute precision is not a matter 
of importance. 

If the button left on cupelling the lead from an assay of an ore 
appears white, it is best to assume that it already contains at least 
a sufficiency of silver, in the al^nce of any knowledge to the 
contrary. This will bo true in almost all cases. But if, on part- 
ing, it does not loise at least two-thirds of its weight, this indicates 
that the assumption was not justitied ; and also what quantity of 
silver must be added to the button before again attempting to 
part. Generally the fault will be in the other direction ; the 
silver will be in excess and the gold will break up and demand 
very careful treatment. 

If, however, such a button is yellow, then, from its weight and 
depth of colour, a rough estimate can l>e made of how much gold 
is contained in it. Silver must be added to make the total weight 
times as much as that of the gold supposed to be present. 
Thus, if the button weiglis 10 milligrams and is supixused to 
contain 8 milligrams of gold, then 8 multiplied by 3^ is 2S ; the 
button must, in such c:ise, bo made up to 28 milligrams by 
adding 18 milligrams of silver. In judging of the quality of the 
gold button, no ordinary error w ill very seriously affiect the result. 
If, in the example just given, the quantity of gold present was 
really 7 or even 9 milligrams of gold, the resulting alloy would 
still have been suitablo for such partings. In fa^, in routine 
assays, where the quantity as well as the quality of the gold U 
known within fair limits, it is often the custom to add the silver 
for inquuiation to the lead during the first cupellation. 

But in the assay of rich gold alloys such approximate work will 
not do* If the composition is not already known with a fair 
degree of accuracy prtlimimry am*jt must be made, W^h 
up two lota of too miiligrama of the alloy and wrap each in 
3 grama of lead. To one add 300 miiligrama ailver. Cupel 
The button containing the added edver moat be flattened 
ukI boiled with 15 cjo, of nitm add ; and the reaultug fold 
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mast be washed, dried, ignited and weighed. This, in milligrams, 
gives directly the percentage of gold. The weight of the other 
button gives the percentage of gold ana stiver ; the diSerence 
between the two gives the percentage of silver. The rest will, 
perhaps, be copper. 

The composition of the alloy being known, or having Wn 
ilotermintnl as ju.-’t described, the cjilciilation of how much silver 
nuist bo addeil is fairly simple. The following is an example, 
Suppose the bullion conttiins 93 per cent, of gold, i f>er cent, of 
silver and 7 jhu- cent, of copptw, and tliat .5 gram of it is to be 
t4ikeu for an assay. The .5 grsini, then, will contjun 

Gold • • • • .460 gram 

Silver 00^ „ 

Coi^per . , . .035 „ 

But the total silver required is .46 gram x 2.5. This equals 
1.15. Allowing for the .005 gram of silver already pi'csont, 1,145 
ginm of silver must be added. 

The silver is incorj^oi-atod with the gold, and at the same time 
the copj>er is eliininatetl, by cuj>olling with sheet lead. How 
much sheet lead must bo used will de|>eiid jiartly on how much 
bullion Ls tiiken, partly on bow much copper it contuiim. hutir 
granffi of lead will do for a .5 gram charge ; and for a .3 grain 
charge, 3 grams may l)o used. But with 30 per cent, of copper 
theM* iimounU .<ihou]d lie doubled ; w ith 40 per cent, of copper they 
should be trebled ; and with over 60 |*er cent, of copper four 
times as much lead .should lie used. For small buttons of gold 
as little Ie;vl as may be relied on to start cupelling may bo taken; 
the le.ad may conveniently I>e in the form of little cups made by 
folding lead foil on a piece of glass rod. With a largo numt'orof 
bullion assiiys sy^tematiwilly worked and checked a simple plan 
would be to alw.cys u.se the f|uaiitily of lead reqiiircHl by the alloy 
containing most copjs?r wdiieh turns up for assay. This weight, 
cut out of lead foij, would lie kept in stock folded into little WgH 
ready to receive the bullion and silver. 

The silver used for inquartation must, of course, be free fr<m) 
gold and is liest prepare<i by the asmyer who ia to use it (>w 
p. 66). It should not be in long stri{is or angular pietas likely to 
perforate the lead in whirh it is folded. When wrapped iu iiio 
lead it sbould Ije in the middle and should make as compact a 
parcel as powible. 

£adi Httle parcel, as completed, should be placed on a tmy ia 
ki {vopeHy numbered compartment. lU pomUon here should 
aomep^ to tk»t it will occupy in the muffle and eventually in 
llie tra|. Tbe cupellaticm murt be made with all the 
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reqnisitd preeautioiui. A good smooth maHeahlei button is needed 
for the next operation, which is known as flatting* 

Flatting.— Small buttons, such as are got in assaying mo^t 
gold ores, are placed on a polished steel anvil and flattened by 
one or two blows with a hammer. The flattened discs are heated 
^ dull redness on a clean cupel and are then ready for parting. 
Bomewhat larger buttons may be similarly treated, but they 
should be annealed (t.e. heated to redness and allowed to cool) 
during the flattening. The silver-gold alloy left from the 
cupelUtion is soft and bends like lead ; but after hammering or 
rolling it becomes harder, gets a spring in it like a piece of znaiU' 
spring and cracks or splits somewhat easily. There should bo no 
cracks or stripping or even roughness on the flattened metal, since 
such defects may ctiuse the loss of small |)ariicles either during 
the flattening or in the subsequent treatment with acid. The 
softness of the metal is re,stored by heating. In bullion assays 
the flatting of the buttons requires care and practice for its 
skilful working. The strips of alloy for parting should be of 
uniform thick ne.ss and condition so tliat the action of the add 
shall be equal in all aises. The laitton is taken from the cupel, 
cleaned and placed on the anvil : it is then struck a heavy blow 
which widens it to about J inch in diameter; this blow is 
followed by two others, one a little in front, the other behind, 
which lengthen the disc and give a very blunt roofdike slope to 
its upper face. It should Ihen be annealed. This may be done 
by putting it in a jirst ie<Miot R'oritier heated in a muffle ; it 
very soon attains the right heat and 
may then be tranj^fenxd to a cold 
scorifier; the hot soori her .should 
put book into the muffle. The 
softened disc is then taken to (ho 
rolls (Fig. 45). The rolls are 
loosens until the disc can be 
pressed between thorn. Looking 
through the interval between them 
the rolls should appear exactly 

e lel; if they are not, one ad- 
Qg scaew should be loosened 
and thoother tightenwl until piral- Fio, 45. 

Iclism is obtained. The rolls are 

now turned and the disc should be drawn through without 
any great effort. Beginners ore apt to err by trying to do too 
much with one turn of the handle. It is easy to stop whilst the 
^lls aro only just gripping the metal ; nd then to bring the disc 
^ rmmng the aetion. If the disc was origi^ly level 
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and the rolls are parallel, the metal will appear as a strip which 
has been merely lengthened. If the rolls are tighter on one side 
the strip will 1^ bowed ; the tighter side will oorrespond with the 
outer curve of the crescent. A mistake of this kind may be 
amended by passing the strip through the rolls the other way, so 
as to reverse the irregularity and so straighten the strip. The 
screw on the looser side should then be tightened until pai^lelism 
is obtained; after which more care should be taken to tighten 
the two screws equally. The lolIing should be stopped when the 
strip is 3 or 4 inches long and of the thickness of an ordinary 
visiting card. The strip ^lould be annealed during the rolling 
and again at the hnish. 

Parting. — The thin shoot of motal is dropped into hot dilute 
nitric acid and boiled for live or .six minutes ^ter the brisk action 
of the acid on the metal h:is ceastMl. At this stage nearly all the 
silver has gone into solutinn as niti-ute of silver and the arid Ls 
charged with this salt. This acid Is |H)ured off and the residual 
metal is again l>oiltHi for from 30 to 30 minutes with a second 
lot of stronger acid. This leaves the gold almost pure, though it 
may still n't^iin from .05 to .1 per cent, of silver. Treatment 
with the acid only would probably leave three or four times 
as much. 

The nifriV add tisetl should bo free from hydrochloric, sulphuric, 
iodic and telluric at'ids. In testing it for the first of these add 
nitrate of silver anti dilute with di^illed water; there should Iw 
no turbidity. In testing for the others evaporate three lots in 
dishea over a water- bath. one for sulpha tea by adding 

water and barium chloride. T^t another for iodatea by taking 
up with a little water, adding a few drops of starch paate and 
then dilute sulphtirous acid solution a little at a time; there 
should be no Idue colour. T^t the third for tellurium by 
heating with i c.c. of strong sulphuric acid until dense fumes 
come off; allow to cool considerably; a piece of tin foil added to 
the warm acid develops a fine purple colour if only a trace of 
tellurium is present. 

The presence of lower oxides of nitrogen, which impart a brown 
colour to the arid, is objectionable ; they, however, are removed 
by boiling the diluted acid before using it for parting, ft is 
usual to keep a stock of the acid suitably diluted to the two 
strengths required for the parting. These are known as the 
parting adds. The fir$t porting add is the weaker and is used 
in tbs first attack on the metal. The sperifie gravity generally 
reosminended for it is about 1.2. It may be prepared either by 
dfltttfpg the strong arid with about its own volume of distilled water, 
or bj anitebij dUnriog the ssoond parting arid whieh fata been 
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alrMidj luwd in an tbe Bmall proportaon of i^ver this con* 
taina is not harmful for this purpose. The second pahing acid has 
a specific Mntj of about 1.3, and may be made by diluting the 
lirong ada with half its volume of distilled water. 

Parting in Flasks * — Flasks are most convenient for the larger 
partings, as in bullion assays; and should always be used for this 
purpose unless some of the special parting apparatus, like that 
used in Mints, is available. Many assayers use 
Bosks, though of a smaller size, for the ordinary 
partings in assaying gold ores. The Basks are 
either bulbe with long necks (Fig. 46) which ought 
to be heated on rose burners of special construction ; 
or they are small Bat-bottomed conical Bosks which 
moy conveniently heated on a hot-plate and are, 
in this respect, much easier to deal with in general 
work. The following instructions apply to the 
l>arting of an alloy containing a few decigrams of 
gold together with the proper proportion of silver. 

The strip from the rolls, after being softened by 
annealing, is folded on itself on a ghtss rod into a 
roll or comet. It should be so plastic that it will 
letain the shape thus given it and not spring open on Fig. 4& 
removing the pressure of the fingers. About 50 c.c. 
of the first parting acid aro placed in a 6-ouuee conical fiask and 
heated to boiling; the flask is tlien withdrawn, and tUtod a little 
to one side, whilst the cornet is cautiously drop^xx! into it; there 
will be a sudden iswue of liot va|X)urs and a prompt withdrawal of 
the hand is a^lvisaUe. The flask i.s replaced on the hot plate and 
the acid is kept boiling for 10 or 15 minutes. The flask is then 
withdrawn and tbe arid diiutc<! with about an equal volume of 
distilled water. If the flask h.as a thick glass band around its 
neck, a little way down,* care must be taken to use hot water, 
for any sudden chill will certainly crack the flask where it is thus 
thickened. The liquor is carefully decanted into a dean beaker 
and is then thrown into a jar market! ** waste silver." About 
40 c.c. of the second parting arid, heated to boiling, is then poured 
into the flask, which is then repl.’iced on the hot plate. The 
boiling is continued for 15 or 20 minutes or even longer. At this 
stage bumping has to be specially guarded against; after a little 
experience it is easy to see when this is imminent and the flask 
should be withdrawn to a cooler part of the plate ; it is better to 
prolong tbe heating at a temperature below boiling than to nm 
risk of dittster^ Some of the older writers, however^ act 
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rather ineistent on vigoroug boiling with large hohblee. The 
addition of a ernali ball of well-bumt olaj of about the eixe of a 
pea hag been recommended, aa it lessens the tendency to irregular 
and dangerous boiling. At the end of the treatment with the 
second acid the Dask is withdrawn from the plate and the acid is 
diluted with an equal volume of distilled water. The liquor is 
carefully decmtod into a beaker, and then poured into a jar or 
Winchester marked “acid waste"; it serves for making the first 
parting acid. The flask is then washed twice with hot distilled 
water; the washings must be carefully decanted from the gold. 
The flask is then tilled with water. A [jarting cup (size B) is 
then placed over its mouth, like a thimble on the tip of a finger. 
This cup is of unglazed |)orous earthenware of such tezture that 
it ntxsorbe the last few dio})s of water left on drying ; and with a 
surface to which the gold dcxjs not atihero even on ignition. The 
gold shotdd fall out clwinly and completely on merely inverting 
the cup over the pan of the balance. The flask and cup are then 
invert^ so that the flask .stands mouth clown in the cup; a little 
of the water fiom the flask flows into the cup, hut only a little. 
The gold falls steadily through the water into the ciip. When 
time has been allowed for even tlie finest of the gold to liave 
settled into tltc cup, the fltusk is removal. This is etisiest done 
under water. The cup, with the flask still resting in it, is dipped 
under water in a basin; as soon as the neck of the flask is 
immersed the cruciide can safely be drawn away from under it 
and then lifted out of the water. The flask should not be taken 
away first, for the rush of water from it may easily sweep the 
gold out of the cup. The water in the cup is then drained ofl 
and the cup is dried at not too high a temperature; for if the 
last dix>p or two of water should })oii there is danger of spattering 
the gold out of the crucible. When it is dry, the cup is heated 
on a pipO'clay triangle over a Hunstm burner, or on a slab of 
asbestoe in a muffle, to a dull-red bc/it. This brings the gold to 
“colour'’; that is, the hxwe tender dark coloiireti gold becomi^ 
bright yellow and cohcrer»t : and is in a state tit to be transfemHl 
to the babiiw and weighed. All unnecessary traDsfereuces 
must Ixj avoiibd. As soon as the cup is cool it may be inverted 
over the pan of the lialancx?, when the gtjld will fall outwsloanly or, 
at the worst, a gentle tap with the finger wUl be BUfilcieiJt to 
deUch it. 

y^aritn^ in or in the smaller eonical floske, is used in 

the assay of gold ores of ordinary rmbnees. The work is exactly 
like that just dcecnl«d in all its main featumi. Generally speak- 
ing much less acid will be uikkI ; fctf* examine, in test-tubes and 
for small buttons, 3 or 4 C.C of mck Mid it quite enough. Agsin, 
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Uie action need not be eo prolonged; ro or 15 minotes in each 
acid is aufficient. So, too, the beating may be lees; it is very 
convenient to support the test-tubes in a water-bath, or merely 
to rest them in a beaker of boiling water ; and there is no senous 
objection to doing this. A smaller parting cup should bo used ; 
the A sise is suitabla The button, on the other hand, should be 
beaten thinner than is needed for the larger partings. If th( 
silver should be in exce^ and the gold becomes much broken up 
ample time should be given for su^idence from the test-tube ot 
(ksk into the parting cup. 

Parting in glazed ertteiUes or diekes, — This method of working 
has the advantage that there is no transference of the gold until it 
is placed on the pan of tbe balance. On the other hand, in the 
boiling more care is required in adjusting the temperature. The 
following instructions apply to the treatment of very small 
buttons, to which the method is more particularly applicable; 
but very little modidcation is needed for the treatment of larger 
buttons. The smallest sized Berlin crucibles answer admirably. 
They should be cleanetl by treatment with hot and strong sul- 
phuric acid, followed by washing in distilled water ; the comfort and 
ease of working mainly depends on the thoroughness of thiscieaning. 
The crucible, one-third full with the first parting acid, is heat^ 
on tbe hot plate until tbe acid hi almost boiling. The fiattened 
and anneal^ button is dropped into it and the heating continued 
with, at most, gentle boiling for a few minutes. The crucible is 
then filled with distilled water, which cools it enough for easy 
handling ; and when the gold ha.s settled tbe liquor is poured off 
along a glass rod into a clean lx‘ftker. Any greasiness of the 
crucible makes itself felt here and is very objectionable. The 
crucible is then one-third filhKl with the second parting acid and 
the heating resumed, care being taken not to raise the tempera- 
ture too high ; this should bo continued much longer than before, 
say for five or ten minutes or even longer according to the size 
of the button. Distilled water is again added and, when it is 
drained off, the washing with distilled water is twice repeated. 
It will not be possible to drain off the last drop of water ; but if 
the gold ia coherent, the ontcibie can be so inclined that this drop 
drains awriy from the gold, in which case the drying can be done 
rapidly ; the boiling of the water will do no barm. But when 
the gold is much broken up, it will collect in the middle of this 
drop and the diying must be done gently ; best by putting the 
crucible in a warm place. When dry, the crucible is heat^ till 
the gold changes ooWr, but the heat must be kept well bdow 
i^nesB. When cold, the gold is transferred directly to the pan 
^ the halanoe. Wi^ minute specks of g(dd which will lequiie 
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nmsaring, it ia best to put & small piece of lead foO (saj .t gnm) 
in the crucible orer the gold* and then heat the crucible to abo^e 
redness over a blowpipe. Whilst the lead is oxidising it is easily 
swept round in a bath of molten litharge by merely tilting the 
crucible. In this way any separated specks of gold can be taken 
up with certainty. When the worker is satisBed that the lead 
has had ample opportunity for taking up the gold, the lead must 
be kept in one place and the heat slowly lowered. By this means 
the button becomes supported in comparatively pure litharge and 
when solid can be picked out quite easily with a pair of pliers and 
in a very cle^ condition. The lead button is then cupelled on a 
very fine cupel, as already described. The method of working la‘^t 
described destroys the crucible. If the gold is not quite so small 
this may be avoideil. A small piece of lend foil should l)o 
hammer^ out until it is porftHtly tlexihle. It is then shapcfl 
into a tray and the gold is transferred to it. The lend is then 
folded over, with the help of two pins; and cupelled. 

If the crucible shows a black stain on heating it is because 
some silver remains through bad washing. It shows poor work 
and the assay should be re|>p:Ued. 

TKe tUvtr rtUiined in Me rjol^l ti ftrr fnrting is, in bullion asjeiys, 
an important matter ; it i.s roit;;ltiy equal to the loss of gold due 
to absorption by the cu|»ol. Mr. Ix)we working on .5 ox. of gold, 
obtained by porting in a.ssayi[tg bullion, found it to contain .123 
per cent, of silver. Dr. Hose in itome special assay pieces found 
by a less direct method of assayiiig, from .06 to .09 per «*nt, of 
silver. The proportion of silver retained varies in a markwl way 
with the proportion of gold to silver in the alloy before parting. 
It is generally stated tliat the retainer! silver is least when thui 
proportion is i to 2^, nnd more or less silver than this leads to a 
leas pore gold after [larting. 

Platinum in an alloy being parted is diiwolved along with the 
silver either altogether or in part. It imparls a straw yellow 
colour to the parting acid. Palladium gives an orange colour to 
the acid. 

The W of gold hy mlulion in the acid during parting is small, 
but easily demonstrable. On a 500-milligratn charge of bullion 
it may amount to from .05 to .15 milligram ; t.«. from .«! to ,03 
per cent it is due to gold actually dissolved and not merely held 
in sospeiMioD. 

AMyiog with checks^ 8 urohArge.--It will bo se^ from 
what has bm stated that the errors in gold parting are of two 
kin ds : vis* (1) a loss of gold on the cupel and to a less extent by 
aolotko in tte aad« and (2) an apparent gain of gold due to the 
wifotiim of silver in the parted material. Both errote araiinaUt 
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and SB tbey ar« of an opposite cbaractor they tend to nentrallae 
each other. Hence they are altogether without effect on the 
accureoy dl the easays of ores when the total gold is reckoned in 
milligrams, i^nd even with the larger amounts present in bolUon 
assays their influence is so small that an unoorrected result is still 
fairly accurate; the resultant error would not be more than one 
part in two or three thousand. 

It is customary to report the purity of bullion, or its fineness 
as it is called, in parts per thousand of bullion. The sum of the 
errors of an assay, which is called the surduirge^ is reported in the 
game way. Thus a surcharge of + ,3 means that the gold as 
weighed was .3 pari per 1000 more than the gold actually pre- 
sent. But a surcharge - .3 means that on the whole there was a 
loss of .3 part per tooo in the assay. 

Speaking roughly the retained silver will vary with the weight 
of gold present ; if one alloy contains twice as much gold as 
another the retained silver will be about twice as much al^. On 
the other hand, as already explained, the cupeilation loss on the 
poorer alloy is fis much sl\ or even more than, with the richer one, 
because of the copjjer. At. present. With rich gold alloys the 
silver more than comj>crtsates for the loss and the surcharge is 
positive ; but with poorer alloys the loss is greater and the sur- 
charge is negative. 

In Mints and places where bullion assays must be made with 
the highest attainable accuracy, the surcharge is determined by 
experiment, and the pro{>er correction is made in the reports on 
the bullion. This Ls done by making assays of gold of the highest 
degree of purity aJong>i(io of those of the bullion whose qi^ity 
has to be determined. These “ checks ” are so made that they do 
not differ from tho actual assays in any material point. llntB, 
being of the same quality ami weight and undergoing exactly the 
same treatment, they may reasonably be expected to have the same 
surcharge as the assays they imitate. Suppose the bullion being 
assayed varies only a little, up or down, from 900 gold and 100 
copper in the thousand, and that .5 gram of it Ls used in each 
itssay. A quantity of gold differing only a little from .450 gram 
would be very exactly weighed and placed with .050 gram of 
copper in the s.ame wTight of le.ad as is l>eiug used in the other 
Assays. It would be cupelled, parted, Ac., as nearly as possible 
under the same conditions as the actual assays. Suppose the pure 
gold weighed .45016 gmm and the parted gold weighed .45025 
gram, the gain in weight, .00009 granit would be deducted from 
the actual assays. A aurchaige correction is never applied except 
to bulUoD of the same quality as that represmited by the ^dieok 
Mtty " it waa oalmdated from. 
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It ia evident that odIgbs the gold is of the highest degree of 
poiitj these ohG<^ assays will introduce an error almost equal to 
that which it is designed to remedy. Moreover, to work the 
^ecks to the greatest advantage, a very systematic and uniform 
method of working must be adopted. 

Parting in apeoial apparatoa. — One plan for obtaining 
greater uniformity is to stamp each cornet with a number for 
purposes of identification, and to treat several, including one or 
more check assays in the same acid contained in a beaker; all tbo 
assays under these conditions evidently receive pi'ecisely the same 
acid treatment. Such a plan can of course only be adopted where 
there is no risk of the gold breaking up during the parting. An 
improvement on thU is to have a porcelain basin * alraut 8 j inches 
in diameter and with a capacity of about litres. It is provided 
with a porcelain cover with 30 nurabered holes through whicli 
tubes dip into the acid. The cover is removable. The tubes are 
like test-tubes and are supported by the cover ; their bottoms are 
perforated with holes or slits. The acid is placed in the ba-sin anrl 
boiled over a fiat burner ; it enters the tubes through the slits. 
The comets are placed ^ch in iLs proper tube. When the 
boiling is finished, the cover with the tub^ is lifted and at tlio 
same time the acid drains back into the basin. A dip into a 
basin of distilled water washes at one operation all 30 ossny.^i. 
The cover is then put on a basin containing the stronger parti 
acid which is already boiling. This boiling is continued tor half 
an hour. The cover with tiie 30 cornets is then lifted out from 
the acid and dipped two or three times in distilled water to wn.^Ii 
off the last traces of add. To transfer the comets from the 
tubes to the porous cups the whole of the tube must be dipjKKl 
under the water; otherwise tbo operation is exactly as when 
working with test-tubes. 

A still simpler method^ of working is to use small platinum 
cupet provided with fine slits which admit the acid but retain 
the gmd. A number of these, say 60, are supported on a 
platinum tray. The parting acids are lx>ilcd in platinum dishes 
under a hood ; and the 60 comets (each in its proper cup) an' 
placed in the add all at once: the tray carrying the cups 
provided with a handle suitable for this purfsjse. AfWY a proiH'r 
bdling the tray is lifted out of the weaker acid into the stronger 
one, where it undergoes the second boiling. It is next dip|>e<i 
several Umes in distilled water and lastly, after a gentle dtying. 
it is raised to an annealing temperature which most not be too 

* See **Ai«yliig and Malbmarkiog at the Chester Asmj Oflosb* I'f 
W. 7. Lewa 8 ^, Ckm, Mminft Sept 1189^ 
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high for fear of the gold sticking to the platmum. After cooling, 
the cometa are tranaferred from the platinum cups directly to 
the pan of the balance. Hare all 6o comets have exactly the 
^me treatment and the ch^ks ” may be compared with great 
oxActness with the other assays acoompanyiog them. There is, 
too, a great paving of labour.* 

Silver, fto., in gold bulUon.—The base metals are generally 
determined by cupelling .5 gram of the alloy with 5 grains of 
leatl. The loss in cupellation liaving been allowed for by any 
of the usual methods (see p. 104) the gold and silver contents are 
pven. By deducting the gold the proportion of silver is obtained. 
The silver is gonoraily determined by difference in this way. If 
it is desired to di»Mjlve out the copper, silver, <kc., and to 
determine them in the wet way, the gold must first be alloyed 
with a sufficiency of some other roebil to render it amenable to 
the attack by acid. Gulinium is the metal generally recommended, 
and the alloy is made by melting together a weighed portion of 
the gold with five or six times its weight of cadmium in a Berlin 
crucible and under a thin layer of potassium cyanide. 

Load with gold or sUvor. — Large quantities of lead carrying 
gold and silver are wdd to refiners in bars weighing about roolhs. 
eivch. The assay of these alloys presents no special difficulties, 
hut the sampling of them is a question which may be profitably 
db^usse^l.t 

A molten metal may be conceived to have all the physical 
states observed in ordinary liquids, although these cannot be 
actually seen owing to its opaqueness. There is no doubt that 
pure lead at a tem|iendur0 only a little al)ove its melting-point 
can contain a large projwrtion of gold in such a manner that it 
may in a figurative way be spoken of as a clear solution. Any 
small {)ortion withdrawn from the molten metal would afford a 
I^erfect .sample. Tl>e same would be true of any pure alloy of 
load and silver in which the silver does not exceed the proportion 
of ai per cent.t On the other hand, if the molten metal contains 
mueft more than .5 per cent, of tine, more than .1 per cent, of 
topper, or a larger quantity of silver, it may be likened to a 
turliid liquor, Tho resemblance holds good so far that if the 
molten le^l bo further heated, whereby its solvent power on the 
added metal is increasetl, the turbidity will disappear, or at kast 

* See aim) **The Asnyinff of Gold Bullion.** by C. Whitehead and 
T. Clko. jSi«7. and Jdininff New York, Feb. 12, 1898. 

t ConsttU Percy's MtuMurgff «/ Siltftr mH Oaldt p. 172 ; A. C. Claude^ 
JVtter, /««(. Mimna and voL vi. p. 29 ; 0. M. Roberta TraoL 

dmtr, ImL Jdudng Knomeeri, BusiUo Meeting ; J. and H. 8. HttUh 
•on, Joum, Abe. CW Indtud^^ vol xi a 311. 

t HayoookaadlfeTilKtWia CWr, iS^pb9Q7. 
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be coDfdderably diminished. A portion taken at random from 
each a molten metal may, or] may not, give a good sample. The 
suspended insoluble matter will tend to concentrate itself in the 
upper or lower parts of the liquid according to whether it is 
heavier or lighter than it; and this separation may occur with 
extreme slowness or with fair rapidity. However, it is generally 
agreed that in the case of such alloys as occur in practice, sampler 
t^en in this way are quite satbfactory and are the best obtain- 
able. The precautions insisted on are that the lead shall bo made 
as hot as practicable ; that it shall be stirred up at the time of 
taking the sample; and that the portion withdrawn shall be 
taken out with a Imlle at least as hot as the molten metal. The 
further precaution that if any diws be on the'surfaeo of the metal 
it shall be skimmed off and separately sampled and assayed is 
almost too obvious to rwiuire mention. An alternative and, 
perhaps, better way of taking the sample is to withdniw portions 
at equal intervals from the stream of metal whilst the pot is being 
emptied ; equal weights taken from tlie^ portions and mixed (by 
melting or in some other way) give a fair wunple of the whole. In 
addition, separate assays of each portion will show to what extent 
the metal lacks uniformity in <xmqx»sition. For example, samples 
taken at the bc^nning, middle, and end of a run gave the follow- 
ing results in oas. of silver per ton: 475, 472, 466, showing an 
average result of 471 oza. Fifteen fnictions taken at roguhir 
intends during the same pouring ranged from 475 ozs. to 
464 ozs. ; the average result was 469,8 ozs. The same lead cast 
into bars and sampled by sawing gave an average of 470 ot»** In 
another caset samples drawn at the l«gnnning, miildle, and end of 
a run gave 1345 ozs., 1335 ozs. and 1331 ozs. The mean result 
in such cat^ is ^ways a rt^isonably safe one, but evidently where 
the metal varies a good deal it is safer to take more than 
three dips. 

Imagine such lead run into moulds and allowed to bocomo 
solid as bars ; the difference between bar and bar would not 
greater than that between corrQS()ODding dip samjilc^. But in 
ea c h bar the distribution of the silver and gold is very serioudy 
sheeted during solidification. Chips taken from the same bar of 
auriferous lead may show in one place 33 02s. of gold io the ton, 
in another 39 ozs. ; similarly with silver they may vary os muck 
IS from 900 028. to 1500 ozs. to the ton. 

This rearrangement of the constituents of a bar takes pl'^ce 
whilst the lead is partly solid, parHy liquid* The most useful 
moeptioo d such baJf-solidified metd is that of a felted spon^'y 
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flijiM of dceletoD oystals of oomparatirelj pure lead aatoiatod 
wiUi a still fluid eoricbed alloy. If the solidificatioa of an ingot ' 
of izDpure tin be watched it will be evident that the htwied 
appearance of the surface ia due to the withdrawal of the fluid 
portion from a mat of crystals of purer tin which have been for 
gome time solid and a contraction of the mass. The shrinking of 
the last part to become solid is further shown by the oollapee 
of the surface of the ingot where weakest ; that iSf a furrow is 
formed on the flat surface. In other cases of fused metal there is 
expansion instead of contraction in this final stage of the solidifi- 
cation, and the enriched alloy then causes the upper face of the 
ingot to bulge outwards. There are other causes efiecting the 
redistribution of the metals through the ingot. There can be no 
general rule of wide application showing which part of a bar is 
richest and which poorest in the precious metals. This will depend 
on the quantities of gold or silver, on the quantities and l^ds 
of other metals present and on the manner of casting. The 
student is advised to consult Mr. Claudet's paper which has been 
already referred to. 

The best method of sampling such hors is to melt them all 
down and to take a dip sample of the molten metal in one or 
other of the methods already described. According to Mr. Claudet 
this should bo done in all cases where the gold exceeds one or two 
ounces or where the silver exceeds 200 02s. to the ton. If during 
the melting down some dross has formed this must be skimmed 
ofi*, weighed and separately sampled and assayed. The clean lead 
also must be weighed, sampled and assayed. The mean result 
must be calculated. Thus 14 tons 5 cwts. of clean lead assaying 
32 ozs. to the ton will contain 456 ozs, of silver; 15 cwt. dross 
assaying 20 ozs. to the ton will contain 15 ozs. of silver. The 15 
tons of lead and dross will contain 47 1 ozs. of silver or 3 1 .4 ozs. per 
ton. 


Of the methods of sampling which avoid melting the bars, that 
known as sawing is the only one which is thoroughly satisfactory. 
In it the hors are brought to a circular saw having fine teeth and 
are sawn across either completely or halfway tl^ugh ; in tins 
way a quantity of lead sawdust is obtained (say i lb. or so from 
a bar) wh^ch repreaents exactly the average of the bar alcmg the 
particular cross section taken and approximately that of the wbok 
bar. A bar of lead, which by dip assay gave 334 ozs. to the ton, 


gave on three transverse sections 333 ozs., 335 oas. and 331 oak 
ibe variation mav be greater than tbia, but with a targe number 
ol ban, where saoi bar is cut amoss in as far as possible a diflereot 
plaoe, these variatkma tend to neutralise each other and a good 
■uaple is obtained. Two tluree owt. ol sawdust may be obtiniNd 
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in this way; this is thoroughly mixed and reduced by qnartering 
in the usual way or by a mecWical sampler, A sample of 7 or 
3 lbs. is sent to the assayer. This being contaminate with the 
oil used in lubricating the saw is freed from it by washing with 
carbon bisulphide, ether or benzene and dried. Then, aSt^r 
^nixing, 100 to 200 grams of it are carefully weighed and plactMl 
in a hot cnidble, the heat of which should be sufficient to melt 
all the lead. The molten lefid should not l>e overheated and 
should show no lo«s duo to the melting. The removjil of the oil 
may have decrejutetl the weight by perhaps one half per cent. If 
the lead gives dross on heating it may be melted under 10 or 20 
grams of potassium cyanide, which prevents the formation of 
dross. Samples are sometimes taken with a drill, gouge or chisel, 
though no methckl of this kind is quite Ratisfactory. One plan 
adopted is to use a punch which, when driven into the Imr, gives 
a core or ro«l of metal about half as long as the bar is thick and 
about oue-eighth of an inch across. With tivo bars side by side 
it is customary to drive in the punch at one end on the first bar, 
and at the opposite end on the last one, and on the others in 
intermediate pt>sitions in such a manner that all the holes will Iw 
along a diagonal of the rectangle enclosing the bare. The bars 
are then turned over and similar [nirtions punched out through 
the bottoms of the Imrs and along the other diagonal. Or one 
set of five may bo sampled along the t<jp and the next set along 
the bottom of the Imrs. 

Silver and gold prt^sent in bars of copper aro subject to the 
same irregularity of distribution m in lead. The sampling of such 
ban is guided by the same prindplea^ 


CYANIPh^. 

The cyanides ought perhaps to be considered along with 
chlorides, bromides and iodides in Chapter XV. But they are 
treated here because they owe their importance to their use in 
the extraction of gold and liecause their determination has become 
a part of the onlinary work fd an assayor of gold ores. 

Formerly, the cyanide most easily obtain<^ in commerce was 
potassium cyanide; and ft was generally sold in calces which 
might contain as little as 40 per cent, or as much as 95 per cent, 
of the pure salt. It became customary to express the quality of a 
sample of commercial cyanide by saying it contained so much per 
cent, of potasdum cyanide. The commerdal product now 

* **^>0 Sampling of ArMotlferons and Anriferoos Copp^,** by A* & 
UdottX. /(wna OStadiaa Ifiatag 1899, 
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by improved methods of manufacture is actually sodium cyanide, 
but is called “potassium cyanide” (probably with the words 

double salt” on the label); it contains cyanide equivalent to 
gomething over loo per cent, of potassium cyanide in addition to 
B large proportion of sodium carbonate and other impurities. 
What is wanted in most cases is merely a soluble cyanide, and it 
is a matter of indifference whether the base be sodium or 
potassium. But since 49 psi-ts of sodium cyanide {NaCN *= 49) 
are equivalent to 65 paits of potassium cyanide (KCN = 65) it is 
evident that a pure sample of sodium cyanide would contain 
cyanide equivalent to little less than 133 per cent, of potassium 
cyanide. Therefore u sample of cyanide reported on in this way 
may be rich in cyanide, aud yet have much impurity. 

The commonest impurity in commercial cyanide is carbonate of 
godium or potLssium. Tiii.s may be tested for by dissolving, say, 
2 grams in a little water and adding barium chloride. There 
may l)e formed a white precipitate of Karium carbonate, which if 
fiitcied (jff, washed and tretited with acid, Tsill dissolve with 
effervescence. Cyanate may be tested for in the solution from 
which the barium cariwnate has been filtered by adding a littU 
soda and boiling; if c}iinates are present they decompose, giving 
off ammonia (which may be tested for in the steam) and yielding 
a further precipitate of barium carbonate.* If the soda alone 
gave s further precipitate of barium carbonate, this may, perhaps, 
be due to the presence of bicarbonatea. Alkaline sulphides may 
1)6 present in small quantity in commercial cyanide. Their 
presence is shown at once w hen the sample is being tested for its 
strength in cyanide, inasmuch as the first few drops of silver 
nitrate solution priKhice at onc^ a darkening of the liquor. A 
special test for siilpliide may be made by adding a drop or two of 
solution of acetate of lead to four or five c.c. of soda solution aud 
adding this to a clear solution of the siispected^ cyanide. This 
will cause a black precipitate or colour, if any sulphide is 
[)resent. 

The cyanides of the heavier metals combine with the .alkaline 
cyanides to form double cyanides. Some of these, ferrocyanide 
and ferricyanide of potAssium for example, have such characteristic 
properties *hat the fact that they are cyanides may be overlooked. 
Others, such ss potassium einc cyanide (K^uCyJ, have much 
less distinctiveness : they behave more or less as a mixtui'C of two 
cyanides and «ie, moreover, so easily decomposed that it may be 
doubted if they can exist in dilute alkaline solutions, In reporting 
the cyanide strength of a cyanide liquor as equivalent to so much 

• iTaOKO + BaCI, + KaHO + H,0 - NH, ♦ BaCO, + t NafS. 
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p«r of potaaBiam oyanidei there ie a question u to whether 
the cyanide preset in the form of any of these double <yanides 
ehonld ^ taken into account. It must be remembered th^t the 
object the assay is not to learn how much of the cyanide exists 
en the solution as actual potassium c)'anide ; reporting the strength 
in terms of this salt is a mere matter of convenience ; what is 
really desired is to know how much of the cyanide present in the 
liquor is “free” or “available" for the puriKjeee of dissolving 
gold. Every one is agreed as to the exclusion of such cyanides as 
the following: potassium ferrocyanide (K^KeCv,), potassium 
ferricyanide (K^eCy*), potassium silver cyanide (KA^y,), and 
potassiain aurucyanide (KAuCy,); and the double cyanides with 
copper or nickel. But with cyanide liquors containing zinc the 
position is less satisfactory. One method of assay gives a lower 
proportion of cyanide when this metal is present ; and the loss of 
available cyanide thus reporteil depends, though in a fitful and 
uncertain way, upon the quantity of zinc present. Tiie other 
method of assay reports as full a strength in cyanide as if no 
zinc were present. Unfortunately, using both methods and 
accepting tlie difference in the results ns a measure of the 
quantity of zinc present, or at any rale of the zinc present as 
cyanide, is not satisfactory. It appears to use the metluHl 
which ignores the zinc ; and to dt^termim* the amount of zinc by 
a special assay of the licjuor for this metal. 

The cyanide present as hydrogen c)'anide or prussic acid (MCy) 
is practically useless as a gold suiveut. Hriu'e any rtqKjri on tbe 
Strength of a cyanide liquor which assigned to this the same value 
at iU equivalent of alkaline cyatiide would be misleading. Un 
the other hand, it ia available ejanide" inasmuch as a proper 
addition of sodium hydrate* would restore its value. The question 
of the presence or ab^nce of free prussic acid is involved in the 
larger one u to whether the cyanide solution has the right degree 
of alkalinity. The assay for “cyanide” should include the 
hydrogen cyanide with the rest. 

A rough teet of the power of a cyanide liquor for dissolving 
gold may be made by floating a gold loaf on its surface and noting 
tbe time required for its solution. This test might, perhajts, U' 
improved by taking, say, 20 c.c. of tbe liquor and adding three* or 
four gold loaves so that the gold shall always be in considerable 
excess. Tbe liquor should not be diluted as ibis will affect the 
result. It should be allowed to stand for a definite time, say at 
lenat two or three hours, or better, that ooiresponding to the time 
tlm liquor is left in contact with the ore in actual [»ikctice. Ths 
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Hquor should then be filtered ofiT and, with the washings, be 
evaporated in a lead dish as in the assay of cyanide liquors for 
gold (p. 141). The gold obtained on cupelli^, less any gold 
and silver originally present in the liquor, would be the measure 
of the gold dissolving power. 

THB ASSAY FOB CYAITXBB BY TITEATION 
WITH SIIiVEB NITRATE. 

The determination of the quantity of a cyanide is made by 
finding how much silver nitrate is required to convert the whole 
of the cyanide into potassium silver cyanide* or one of the allied 
compounds. It will be seen from the equation that 170 parts by 
weight of silver nitrate are required for 130 parts by weight of 
potassium cyanide. As already explained it is customary to 
n^[)ort the cyanide>strength in terms of potassium cyanide, even 
when only the sodium salt is present. One gram of potassium 
cyanide will recjuire 1.3076 gram of silver nitrate. The sta-ndard 
6 <)liU'wn of niirahi is made by dissolving 13.076 grams of 
silver nitrate in distilled water and diluting to i litre; 100 c.c. of 
Buch a solution are equivalent to i gram of pot^issium cyanide.t 

The titration is performed in the usual way, running the 
Rtandard solution of silver nitrate into a solution containing a 
known w^ght or volume of the maleruU containing the cyanide. 
The finishing point is delermined in one of two ways, Wh of 
which are largely used. In the first place, as long as there 
remains any free cyanide in the solution the silver nitrate will 
combine with it forming the double cyanide and yielding a dear 
solution ; but as soon oil the free cyanide is used up the silver 
oitrai# will react with the double cyanitle| forming silver cyanide, 
which sepaintes sa a white pretipitale and renders the solution 
turbid. Ilut, in the second place, if poUnssium iodide U present 
in the solution the exoeiis of silver nitrate will react i^ith 
it,§ rather than with the double cyanide ; and silver iodide will 
Bspaimte m a yellowish turbidity which U easily recognised. 

In woridng with pure solutions, the two finishing points give the 
l^e results ; and this is true even when there is much difierenoe 
in the degree of dilution. The fiinishing point with the iodidoi 

• sKCN + AgNO, « KAgfCN), + KNO- 

t If U be dewed to nuke a solston so Uut 100 c.0. shall be equivalttt 
to t gna of eodloA cyanide, then 18.085 gnuns of cUver nitiaU shoold bt 
tskon for fwoh Utra 
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howefrer, bas an advantage in precision, Moreovett it is but 
little affected by variations in aUcalinityi which render the other 
finishing point quite useless. The great difference between the 
two is shown when sine is present in the solution. In this 
case, when working without the iodide, the first appearance of 
a turbidity is less distinct; the turbidity increases on standing 
and as a finishing point is unsatisfactory. It can be determined 
with precision only by very systematic working and after some 
experiencei The turbidity is due to the separation of an insoluble 
ainc compound. A most important point (to which reference has 
already made) is that silver nitrate is ix^quired to give 
this turbidity and, consequently, a lower strength in cyanide Ls 
reported. On the ether hand, as much silver nitmte is requim! 
to give the yellow turbidity due to silver iodide as would be 
required if no sine were present. 

Unfortunately the difference in the two titmtions does not 
depend merely on the quantity of line present; as it is also 
influenced by the extent of dilution, the degree of alkalinity of 
the solution, and the quantity of cyanide prct^^nt. In an 
experiment with .055 gram of line sulphate and .1 gram of 
potassium cyanide the difference in the two finishing points w:ls 
only .1 c,c. ; whereas witli .4 gmm of |X)tA.ssium cyanide, the 
other conditions being tlu: .vime, the diflVrenco was 1.5 c.c, of 
Standard silver nitrate. On the as.sumption that all the line was 
present as potassium line cyanide (K,ZnCy,) the diffoience sl»ould 
have been 5 c.c. in each case. Again, rejwatitfg the experiment 
with 4 grim of potassitim cyanide, but with .u gram of 
crystalli.*^ line sulphate, the ditrerence was 6.$ c.c, : that is, 
merely doubling the quantity of line increase^l the difference by 
more than four times. Hence it would a|)j>ear better to use the 
method with the iodide and make a se|MirHte ax,May for the line. 
But since the student may be called on to use the other method, 
he is advi.xe<l to practice it also. 

The aaaay without iodide.— The standard solution of silver 
nitrate U placed in a small bnielte divided into tentlis of a c.c. 
Ten c.c, of the cyanide solution to be assayed is tra&af erred to a 
small flask and dibiU^i with water to about 70 c.c. The silver 
solution is then run in from the burette (with consUmt shaking 
of tile fiask), a little at a time but s«>inewkat rapidly, until a 
permanent turbidity appears. Since r c.c. of the silver nitrate 
solution correspond.H to .01 gram of pota«dum cyanide, it also 
eotrespondi to .1 per cent, of this salt counted on the 10 c.c. of 
cyanide eolotioo taken. The titration should be performed in a 
f^Iy good uniform light. The learner should practice on a 
fatri/ pure aotutioD of potaaBUfli oyaaide al finW iAd Uiia 
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oonvenientl/ have a etreogth of about i per cent. For praotioe 
with solutions containing zinc make a solution oontaimog i.i 
gram of otystallised zinc sulphate in 100 c.n. and slowly add 
measured quantities of from 1 to 5 c.c. of this to the 10 of 
cyanide liquor before diluting for the titration. 

If a cyanide solution blackens on the addition of the silver 
nitrate it contains sulphide. In this case, shake up a cousidenible 
bulk of the liquor with a few grams of lead carbonate, allow to 
settle and make the assay on 10 c.c. of the clear liquor. 

If the cyanide liquor be suspected to contain free prussic acid 
take 10 c.c. for the assay os usual; but, before titrating, add .1 
or .2 gram of sodium carbonate. On no condition must caustic 
Boda or ammonia l)e added, The difference between the results, 
with and without the addition of carbonate of soda, is supposed 
to measure the quantity of free prussic acid. If this has to be 
reported it is best done as " prussic acid equivalent to . . . per 
cent, of potassium cyanide.” Suppose, for example, the difference 
in the two titrations etjuals i c.c, of standard silver nitrate ; the 
priLssic acid found would be e^juivalent to . i per cent, of potassium 
cyanide. 

The assay with iodide,— The standard solution of silver 
nitrate is placed in a burette divided into tenths of a cx. Take 
10 c.c. of the cyanide liquor, which should previously have been 
treated with white lead for the removal of sulphides if these 
happenetl to be present. Transfer to a small fl^isk, add 3 or 4 
drops of a solution of (wtassium iodide and z or 3 c.c, of a 
sfdution of soiiium hydrate ; dilute to 60 or 70 c.c, with wa^r. 
If much zinc is present the smla may Ihj incre^ised to 20 or 30 c.c. 
with advantage. The standard solution should be run in some- 
what rapidly, but a little at a time, so that the piecipitate at first 
formed shall be small and have only a momentaiy existence. 
The titration is continued until there is a [>ermanent yellowish 
turbidity. Tlie most sjitiiifactory and exact finish is got by 
i^monng any faint suspicion of a turbidity and accepting the 
unmist^ablu turbidity which the next drop of silver nitrate ia 
sure to produce, finislting {>oint gives results which are 

exactly proportional to the quantity of cyanide present ; and it 
can be reeognised with more than ordinary pieci>ion even in 
eolations which are not otherwise perfectly clear. 

Each C.0, of the standard silver nitrate solution corresponds to 
•ox gram of potassium cyanide; and if 10 0.0. of the liquor are 
taken for assay this oorresponda to .x per cent, or 2 lbs. to the 
short ton or 3.24 lbs. to the long ton. As already explained the 
should be reported as ^ cyi^e equivalent to ao much {w 
cent potasduffi Qranide.** 
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Tbe following experimental results were obtained with a e^ntiaa 
oi potassium <7amde made up to contain about i.a per cent, of 
the salt. 

Effect of Tarying oyanide.^The bulk before titration was in 
each case 6o 0.0. ; a c.c. of soda and 3 drops of potassium iodide 
were used in each case. 

Cjaaile added 40 e.c. 30 0.0. 30 c.c. 10 0.0. 5 o.o. 1 0.0. 

Silver required 47.00.0. 35.250.0. 23.50.0. 11,7 ao. 5*^0 <150.0. 

Accepting the result for 40 c.c. as correct, the others are in 
very satisfactory agreement. 

Efibot of varying dilation. — The conditions were those of 
the 40 c.c. ej:periment in tbe last series ; but varying amounts of 
water were used in diluting. 

Water added none looc c. aooo o. 400 c.a 

Silver required 47,00.0. 47.00.0. 47 00,0. 47 050.0. 

Very considerable dilution therefore has no effect. 

EfflMt of varying soda. — The conditions were those of the 
40 c.c. e:rpertment in tbe tir^t series, except that varying amounts 
of soda solution were used. 

8oda added ... none loo.a 300.0. 

Silver required ... 46950.0. 47.00.0. 47.0 o.& 

This alkali therefore has no prejudicial effect. 

Effbct of ammonia. “Sola tnrlddily in some cyanide 
lujuors; witli theso it should repluctsi by 2 or 3 c.c. of dilute 
ammonia with a gram or so of ainmoninni chloriile. The followim: 
experimentH with dilute aminonia show' that larger (juatitiucs of 
this reagent must be avoided. 

Ammonia abided ... none 10 c.c. 30 c.c. 60 c.c. 

Silver repaired ... 46.950.0. 47.15 c.a 47,7 cjO. 49.50.0. 

Effect of sodiam bicarbonate.— In this experiment i gmm 
of bicarbonate of soda was used instead of the ^a or ammonb 
of the other experiments. The iniver nitrate required was only 
46.45 cx. instead of the 47.0 c.c. which is the iiormal result. 
This is probably due to the liberation of prussic acid and shows 
the importance of having the solution alkaline. 

Effect of sine.— In «u:h experiment 40 c.c. of the cyanide 
aolutiou and .5 gram of rinc sulphate myst^ were used and the 
bulk was made up to 100 before titrating. 

Soda added ... 10.0. $o.e. 10 ao. S5C.a 

Sfher required 47.1 aa 470 o.a 46.9 aa 46.900. 

Hie work was easier with the more alkuHfyi aolottons. The 
titration in the preaenoe of sine hi oomparattTtiy mtjt lnit« is 
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latrnug it, it ia well to have a burette with <7anide so that if a 
titration 1 m overdone it can be brought back by the addition of t 
or a 0.0. more cyanide and the finish repeated ; a quarter of an 
hour’s work in this way will ensure confidence in the method. 

Effeot of other subatanoes.-^lt was found that an alkaline 
cyanate, sulphocyanate, ferrocyanide, nitrite^ borate, dUcate or 
carbonate has no effect. The fenicyanide had a small influence 
and, as might be expected, hyposulphite is fatal to the assay. 
The addition of salts of lead and cadmium was without effect. On 
the other lumd, nickel produces its full effect ; and the quantity 
of nickel added can be calculated with accuracy from the extent 
of its interference with the titmtion. 

Assay of commercial cyanide of potassium. — Break off 
20 or 30 grains of the cyanide in clean fresh pieces, weigh 
accurately to the nearest centigram. Dissolve in water containing 
a little sodium hydroxide; tmnsfer to a r-litre flask: dilute to 
2 litres ; add a few grams of white lead ; shake up and allow to 
settle. Kun 50 c.c. of the clear liquor from a burette into an 
8 ox. flask ; juld 2 or 3 c.c. of fvoda solution and 3 drops of 
potassium iodide. Titrate with the standard solution of silver 
nitrate. The percentage may be calculated by multiplying the 
number of c.c. used by 40 (50 c.c. is one fortieth of the 2 litres) 
and dividing by the weiglit of commercial cyanide originally 
taken. 

Alkalinity of commercial potassium cyanide and of 
cyanide solutions. — liydr(X')*anic acid like carbonic acid has 
no action on methyl-orange;* hence the alkaline cyanides may 
be iitmtt><l with “ normal acid as easily as the carbonates or 
hydrates. 100 c.c. of normal aoid will neutralise 6.5 grams 
of pure |KiUs.sium cyanide.f A solution of commercial cyanide 
prepareti as for the assay last described, but best without the 
addition of white lead, may be use<l for the test. Take 50 c.c. of 
it ; tint faintly yellow wdth methyl-orange and titrate with normal 
acid till the liquor ao(|uires a jiermanont reddish tint. In the 
case of the purer samples of cyanide the quantity of acid used 
will corn*^|«nd exactly with that required to neutralise the actual 
qtiantity of cyanide present as determined by the assay with 
nitrate ef silver. The less pure samples will show an excess 
of alkalinity because of the presence of sodium carbonate or 
of potassium c^^rbonate. 

In comparing the alkalinity and cyanide strength of a solution 
the simplest plan is to take 65 c.c. of the solution and titmte 
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with oornAI «dd ; for in this (aise Mdi e.e. of normAl acid oor- 
raponds to .x per cent, of potaasimn cyanide. In Systematic 
assays of this kud, the alkalinity would no doubt be generally 
m excess of that required by the cyanide present : there would 
be no inoonvenience in recording such excess in terms of potassium 
cyanide. 

Beterminatioxi of the soldity of an ore.—Most ores 
have the power of destroying more or less of the alkalinity of 
a cyanide solution and in a proportionate degree of damnging its 
ediciency. An assay is needed to determine how much lime or 
soda must be added for each ton of ore in order to counteract 
this. Whether this acidity should be reporte»l in tenns of the 
lime or of the soda required to neutralise it will depend on which 
of these reagents is to be used in the actual practice. Again, if 
the ore is washed with water before treating with cyanide on the 
large scale, then the aasay should be made of the acidity of the 
ore after a similar washing. 

The standard solutioiut of act’d and allali used for thin 
determination may be one-6lth normal. 300 c.e. of the normal 
solntion should be diluted to i litre in each case, t c.c. of the 
resulting solutions would l)o equivalent to 8 milligrams of soda 
(NaliO) or 5.6 milligrams of lime, GrO. It must be remembered 
this refers to the pure bases in each case, i^uppoee it in 
desired to report as so many lbs. of lime to the short ton (3000 Uis.) 
of ore. Since 1 c.c. of the standard fwlution is e(juivalentt<i 
5.6 milligrams of lime, if we take 3000 times this weight of ore 
(i,«, 11,200 milligram.* or 11.2 grams) for the assay, each c.c. of 
standard solution will be equivalent to 1 lb. of lime to the short 
ton.* 

Total acidity.— Weigh out ii.a grams of the ore, place them 
in a fourdnch evaporating dLsh and mensun* on to it from a 
burette xo or 30 c.c. of the standartl solutiem of Kxla. Stir the 
soda solution into the ore and allow to stand for 15 or 30 
minutes with occasional stirring. Stir up with 30 or 40 c.e < f 
water, Scat a piece of litmus paper on the licjuid and titrate witii 
the standard solution of acid. If the ore is strictly mnitral the 
quantity of “add” required to redden the litmus will be tho 
same as the quantity of “soda” originally used. If the ore h 
add, Jewi add wdl be used. For example, if 10 c.c. of soda were 
used and only 7 ac. of add were require<l, the ore will have dune 
the work d the remaining 3 c.c. of add. And the ton of ore will 
require 3 lbs, d lime (0 neutralise its addity, 

* Ikkfaif tAo fmitf of orv, each 0.0. m t tb. of soda to tbs short toe. 
Tbs corre^wndJng ftgsret for ths long um are ts.S44 grams for Urns wd 
17,93 gums for sm 
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Acidity after waehing.^Take tt.t grams of the ore; wash 
thoroughly with water and immediately treat the residue, without 
drying, exactly as just described. 

Examination of cyanide solutions for metals, Ac.— Take 
a measured quantity of the solution, say 20 c.c.* and evaporate in 
a small dish with, say, half a c.c. of strong sulphuric acid. 
Evaporate at first, on a water-bath in a well ventilate place, but 
finish off with a naked Bunsen fiame, using a high temperature at 
the end in order to completely decompose the more refractory 
double f^anides. Allow to cool; moisten with strong hydro- 
chloric acid ; warm with a little water and test for the met^ in 
the solution by the ordinary methods. Since the quantities of 
the metals likely to be present may be given in milligrams the 
work must be carefully performed. It may be worth while to 
determine the proportions of lime and magnesia as well as those 
of the metals proper. 

Or the 20 c.c. of cyanide liquor may be evaporated with 5 c.c. 
of strong nitric acid to drjne^s and gently ignited and the 
residue taken up with 2 or 3 c.c. of strong hydrochloric acid, 

Cop])er, iron, and zinc can be rapidly determined in such a 
solution, as follows. Dilute with water to 10 or 15 c.c., add an 
excess of ammonia, and filter. The precipitate will contain the 
iron as ferric hydrate; dissolve it in a little hot dilute sulphuric 
acid : reduce wdth sulphurette<l hydrogen ; boil off the excess of 
gns, cool and titrate with standard poUtssium permanganate 
(p. 236). Determine the copper in the filtrate oolorimetrically 
(p. 203); but avoid furtlier dilution. Then add dilute hydro- 
(idoricacid, so as to have an excess of 4 or 5 c.c. after neutraitsing 
the ammonia ; add some clean strips of lead foil, and boil untQ 
the solution has for some time be^me colotirlc^ Titrate with 
standard (lotassium ferrocyanide (p. 263) without further dilution, 
and bearing in u4nd tlmt at most only one or two c.c. will be 
required. 

Examination of an ore for “cyanicides,”— Place 100 
grama of the ore with 200 c.c. of a cyanide solution of known 
strength (say .1 or .2 per cent.) in a bottle and agitate for a 
•h‘finite time, such as one or two days. Kilter off some of the 
liquor andgaasay for cyanide, using say 20 c.c. Calculate how 
much cyanide has been destroye<l in the operation. Evaporate 
30 C.C. with sulphuric or nitric acid and examine for metal Tart 
Another porUon for sulphides, &c. 

The student who his mastered the methods of aasaving oaa 
greatly improve himself by working out such problems as tim abova 

* la which cast each .01 gram of mstal (oond equals tib to tfasihsil 
of aoleUsQi 
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PLATINTJM, 

Platinnm occurs in nature in alluvial deposits associated with 
gold and some rare luotalii, generally in fiiu! metallic grains, and, 
occasionally, in nuggets. It is a grey metal with a high specific 
gravity, 21,5 when pure and about 18.0 in native specimens. It 
u fusible oxUy at the highest temperature, and is not acted on by 
adds. 

It is dissolved by warm aqua regia, forming a solution of 
“ platinic chloride/’ H,Ptt This suWtanw on eva(>oration re- 
mains as a brownish n^l deliquescent mass; on at 300* V. 

it is converted into platinous chloriile, IHClj,and becomes insoluble, 
and at a higher temperature it is converted into platinum. All 
platinum compounds yield the metal in this way. Platinic 
chloride combines with other chlorides to form double salts, of 
which the ammonic and potassic platino-chlorides aru the most 
tm})ortant. 

Platinum alone is not soluble in nitric acid ; but when alloyrd 
with other metals winch dissolve in this mail it too Is disBi»lvt<<! ; 
so that in gold |mrting, for example, if platinum was present, 
some, or perhajw the whole of it would go into solution with tie* 
silver. Such alloys, however, when trealeti with hot sulphuric 
acid leave the platinum in the residue with the gold. 

Platirmm is detected! when in the metallic state by its phyricsl 
characters anti insol uhility in acids. In alh»ys it may U* fituml hy 
dissolving them in nitric ricid or in mpia regia, evaponiting with 
hydroc hloric acid, and treating the liitmto with amnionic chlorivle 
and alcohol. A heavy yellow precipitJite marks its prentice. 

The asKry of bullion, or of an alloy containing platinum, in:iy 
be made as follows: Take 0.2 gram of the alloy and an (spcil 
weight of 6ne silver, cu|>el with sheet lead, and weigh. The 
in weight, after de<l acting that of tho silver adtled, gives the 
weight of the l«s© metals, clipper, lend. Ac. Flatten the butt4m 
and part by boiling with sitting sulphuric arid ffir stiveml 
When coW, wash, anneal, and weigh. The weight is that of the 
platinum and gold. The stiver may be got by difference. 
cupel the metal thus got with 12 or 15 times its weight of silver, 
flatten and part the gold with nitric acid in the usual way (mv 
under OoU), and tho platinum will dissolve. The gold may mn- 
twin an alloy of osmium and iridium ; if so, it should be weighetl 
and treated with aqua regia. The osmiridium will remain as an 
fi^ofuble residue, which can be separated and weighed. Its weight 
dedoeted fron pnvioiialy ascMtatned will nvu tlie weight 
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When the plaiintim only is mjtiirei], the alloy muet be dissolved 
by prolonged treatment with aqua regia^ the solution evaporated 
to ^ness, and the residue extracted with water. The solutioD 
thus obtained is treated with ammonic chloride in large excess 
and with some alcohol. A sparingly soluble* yellow ammonic 
platinum chloride is throwTi dowTi, mixed, perhaps, with the corre- 
sponding salts of other motals of the platinum group. Gold will 
in solution. The solution is aliowinl to stand for some rime, 
and then the precipitate is hitered off, wsu^hed with alcohol, 
drie<l, and transferred (wrapped in the filter paper) to a weighed 
crucible. It is ignited, gently at first, as there is danger of vola- 
tilising some of the platinum chloride, and afterwards intensely. 
Witli large quantities of platinum the ignition should be per- 
forinetl in an atmosphere of hydrogen. Cool and weigh as 
metallic platinum. 

IRIDIUM 

Oi’cnrs in nature alloyetl with osmium as r^m iridium or iridoe- 
mine, which is “rather nhimdant in the auriferous beach sands 
of Northern California ’ (iMna). It occ‘urs in bright metallic 
scales, which do not alloy with lead, and are insoluble in aqua 
regia. Iridium also oemra in most platinum ores, and forms as 
much ns two pt*r cent, of some commercial platinum. In chemical 
projs'rtics it rcscmblf*s platinum, but the ammonic irido-chloride 
has a dark rwl colour, and on ignition leavas metallic iridium, 
which does not dissolve in aqua regia diluted vi*ith four or live times 
iw volume nf water anti hmted to a temperature of 40* or 50* C. 

The other metals of the platinum grotip are Palladium, Rhodium, 
Osmium, and Kuthenium. They ditVer from gold, platinum, and 
iridium by the iusf)iubility of their sulphides in a solution of 
sodium sulphide. Paliaditim is distinguished by the insolubility 
of its io<!ide ; and Osmium by the volatiiity of iU oxide on 
boiling with nitric acid. 


MKUCURY. 

Mercury occurs native and, occa.sionally, alloyed with gold 
or silver Vi natural amalgams; but its chief ore is the sulphide, 
cinnaher. It is comparatively rare, being mined for only in a few 
districts. It is chiefiy used in the extraction of gold and silver 
from tbrir ores (amalgamation) ; for silvering niiirois, Irc. 

Mercury forms two series of salts, mercurous and mercuric, 
but for the purposes of the assayer the most important property 

* 100 c.e. of wattf dheolres a66 gnuD of the salt; H Is aliMil iamtable 
la iloobo) Qt in solittkms of ammoete cblmidi. 
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U Uie MM witli which it oim be reduced to the metallic state 
from either of these. Mercury iteelf is soluble in nitric acid, form- 
ing, when the acid hot and strong, mercuric nitrate. Cicnabar 
ie soluble only in {u]ua regia. Mercurous salta are generally 
insoluble, and may be converted into mercuric salts by prolongcti 
boiling with oxiilisiug agents (nitric acid or aqua regia). The 
salts of mercury are volatile, and, if heated with a mlucing agent 
or some body capable of fixing the acid, metallic mercury is given 
off, which may be condensed and collected. 

Mercury is separated from its solutions by tine or copper, or 
it may be thrown down by stannous chloride, which, when in 
excess, gives a grey powiler of metallic mercury, or, if dilute, n 
white crystalline precipitate of mercunjus clduride. Nitric acid 
solutions of mercury yield the metal on electndysis ; and, if the 
pole on which the metal comes down be made of gold or cop|)er, 
or is oaate<l with these, the sepamUnl mercury will oflhere thereto. 
It may then lx? washed and weighe<i. 

Tlje best tests for mercury next to obtiining {jlobules of the 
metal are: (i) a black precipitate with sulpliuntteil hydrogen 
from acid solutions, wluch is insoluble in nitric acid ; and (2) a 
w hite precipitate with sUonous chloride. 


DBY METHOD. 

Weigh up 5 gTiims, if tlie ore is rich, or 10 grams, if a poorer 
mineral. Take a piece of combustion tulie from 18 inenca U* 
2 feet long, closed at one end, and place in it some powden'd 
magticsite, so iis to fill it to a depth of 2 or 3 inches, and on that 
a layer of an e«jual quantity of powdensl lime (nut slaked). 
the weighe*! sample of oni in a mortar with 10 grams of finely 
powdercil lime and transfer to the tul>e ; rinse out the mortar 
with a little more lime, and iidd the rinsings. Cover with a 
layt^r of six or seven inches more lime and a hxexdy fitting pi 11^' 
of asbestos. Draw out the tube before the blowpipe to the simp* 

shown in fig. 47, avoid 

^ ing the formation of 

ridgo or hollow at the 
bend which xnight col 
fb. 47. Wt the mercury. Tap 

gently, holding the tul«e 
Betrly horizontal, so as to allow sufficient space above the mix 
tore for the passage of the gases and vapours which are fonoeil. 
Place the tube in a ** tube furnace,” and, when in positioD, place 
a «nsll beaker of water so that it shall just close ih» opening of 
the Uibe. The point of the tube should not more than touch 
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the surface of the water. Bring the tabe gradually to a red heat, 
commencing by heating the lime -just behind the aabeBtos plug, 
and travelling slowly backwards. When the portion of the tube 
containing the ore has been heated to redness for some time the 
heat is carried luck to the end of the tube. The magnesite 
readily gives up carbonic acid, which fills the tube and sweeps the 
mercury vapour before it. Some of the mercury will liave dropped 
into the b^ker, and some will remain as drops adhering to the 
upper part of the neck. Whilst the tube is still hot cut oflf the 
neck 01 the tube just in front of the asbestos plug (a drop uf 
water from the wash bottle will do this), and wash the mertur 
from the nock into the beaker. The mercury eiisily collects inti 
a globule, which must be transferred, after decanting off the bulk 
of the water, to a weighed Berlin crucible. The w ater is removeti 
from the crucible, first by the help of filter paper, and then by 
expotiing in a desiccator over sulphuric acid, where it should 
be left until its weight remains constant. It should not be 
warmed. 

ExampU: — $ grams of an ore treated in this way gave 4.265 
grams of mercury, equivalent to 85.3 per cent. Pure cinnabar 
contains 86.3 per cent 

WET KKTH0D8. 

SdtUum. — Since solutions of chloride of mercury cannot be 
boilevi without risk of loss,* nitric acid solutions should be usetl 
wherever possible. No meiTury-a)ntaining minerals are inso- 
luble in ociils ; but cinnabar requires aqua regia for solution. In 
dissolving this mineral nitric acid should be used, with just as 
much hydrochloric acid as will suffice to take it up. . 

To separate the mercury, pass sulphuretted hydrogen in com 
siderable excels through the somewhat dilute solution. The 
precipitate should be black, although it comes down at first very 
light coloured. It is filtered, washed, and transferred back to 
the beaker, and then digested with warm ammonic sulphide. 
The residue, filtered, washed, and boiled with dilute nitric acid, 
will, tn the absence of much lead, be pure mercuric sulphide. 
If much Ilad is present, a portion may be precipitated as sulphate, 
but can be removed by washing with ammonio acetate. TV> get 
the mercury into solution, cover with nitric acid and a few drops 
of hydrochloric, and warm till solution is effected. Dilute with 
^ider to 50 or 100 c.o. 

* Anoordlog to Penomw maroorlo chlorkls ia not voUtilisad trom both 
soletieoa when alteUae oMoridsa are pruint. 
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aHATntlCBTBIO BBTBBHINATIOir. 

Him may be made by doatrolytU. The same apparatus as is 
used for the electrolytic copper assay zoay be employed, but 
instead of a cylinder of platinum one cut out of sheet copper 
should be taken, or the platinum one may bo coated with an 
evenly deposited layer of copper. Fix the spiral and weighed 
copper cylinder in position, <K>upIe up the battery, mid tchen ihU 
hat hmn dons put tlie nitric acid solution of the mercury in its 
place.* The student had better refer to the description of the 
£Ueiroiidic Cvppsr Attay. 

The mercury comes down readily, and the precipitation is com- 
plete in a few hours: it is bettor to leave it overnight to make 
sore of complete reduction. IHsot^nnect the apjianitus, and wash 
the cylinder, first with cold water, then with alcohol. Dry by 
placing in the water oven for two or three minutes. Cool and 
weigh : the increase in weight gives the amount of metallic 
mercury. 

It mast be remembered that cop{>er will prot^ipitate mercury 
without the aid of the battery; but in tills case coppr will go 
into solution with a consequent loss in the weight of the cylinder : 
this must be avoided by connecting the Itnttery before immers- 
ing the electrodes in the assay solution. The electrolysed solu- 
tion should be treated with an extvss of ammonia, when a blue 
coloration will indicate copper, in which case the electrolysis is 
unsatisfactory. With a little care this need not happen. Gold 
cylinders may preferably be used imtosid of copper ; but on 
pUtinum the deposit of mercury is grey and non adherent, so 
it cannot be washed and wdghed. 


VOL0METBIC KETHODS, 


Several methods have been devised : for the details of these the 
studmit is referred to Sutton's Handbook of Volumetric Ana- 

QUESTIONS. 

l« Tbe i^wdllc graritj of mercury U What volume wouki 

8 grams occupy f 

^ grams of cinnabar gave a7iS gram« of mercury, ^hat would 
be the percenlage of the mcSal In titc ore t 

3, l^Hir tolutioD of mercuric chloride on mercury and expUda what 

happen.*. 

4, On dissolving a} gram of mercury tn hot nitric acid, and pa«diig 

saifdmretted hydrogen in excess through the diluted smurion, 
what weight of predfdtate wiil be got f 


* thisetotloo sbould oootain about aa 5 gram of OMTOaiy, and $ largs 
msMef add must be avoidal 
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CHAPTER X, 

OOPP 3 BB— LBAD-THALLIUM-^BISKUTH— 
ANTIMOITY. 

COPPER. 

CoppKB occurs native in large quantities^ eepeciaUy in the Inhe 
Superior district ; in this state it is generally pure. More 
frequently it is found in combinatioD. The ores of copper may 
be classed as oxidt^ and sulphides. The most abundant oxidised 
ores are the carbonates, nialachite and chessylite ; the silicates, 
as also the red and black oxides, occur less abundantly. Ail these 
yield their copper in solution on boiling with hydrochloric acid. 

The sulphides are more abundant. Copper pyrites (or yellow 
ore), erubescite (or purple ore), and chalcocite (or grey ore) are 
the most important. Iron pyrites generally carries copper and 
is frequently associated with the above-mentioned mineral& These 
are aU att^ked by nitric add. They nearly all contain a gpuOl 
quantity of organic matter, and frequently considerable quantities 
of lead, xinc, silver, gold, arsenic, bismuth, 

The copper ores are often concentrated on the mine before 
being sent into the market, either by smelting, when the product 
is a regulus or matte, or by a wet method of extraction, yielding 
cement copper or predpitato. A regulus is a sulphide of copper 
and iron, carrying irom 30 to 40 per cent, of copper. A precipi- 
tate, which is generally in the form of powder, consists mainly of 
metallio copper. Either regulus or precipitate may be readily 
dissolved in nitric acid. 

Copper forms two clasaea of salts, cuprous and cupric. The 
former ar^ pale coloured and of little importance to the assayer. 
They are ea^y and completely converted into cupric by oxidising 
agenta. Cupric compounds are genemlly green or blu6| and m 
aduble ia ammonia) torming deep blue adutboib 
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That, for copper, oext &fter tboee for ^Id and fiOverj holdH a 
more important potution tban any other ary amy. The sale of 
copper ores has been regulated almost solely in the past by assays 
made on the Cornish method. It is not pretended that this 
method gives the actual oontent of oopper, but it gives the pur- 
ckiMiT an idea of the quantity and quality of the metal that can 
be got by smelting. lae process is itself one of smelting on a 
smaU scale. As might be exj^cted, however, the assay pruliice 
and the smelting prtxiuce are not the same, theie being a smaller 
loss of copper in the smelting. The method has workcxl very 
well^ but when applied to the purchase of low class ores (fmm 
which the whole of the copper is extracted by wet methotU) it Ls 
ansatishw^tory. The following Uible, which embwlies the results 
t)f several years’ experience with ctjpper assiiys, shows the hjss of 
eopper on ores of varying produt'e. Tlie tiguia*s in the fourth 
cufamn show how rapidly the pro|x>rtion of oi>p|)er 1 (b- 1 increases 
as the percentage of coppm* in tlio on? falls iM‘h»w 30 (>er ceuL 
For material with more than 39 per cent, the prup>rtiou loot is 
in inverse proportion to the copp-r present. 


U)«s or tt)pprtt. 


Cflffvr pmMt. 

Xfry 

Wiriin. 
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1.50 


so 
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t6 
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M 
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8 

H 

1.14 

t4.3 j 


COITEIL 


*77 


LOSS or oo?rtg— (continued). 


OopptrpnMoL 

IhyAmj . 

Margin. 

tow OB 100 Parti 
of Coppw. 

Mat. 

Per Mat. 

fer Mat 


6 

5 

1.05 

>75 

5 

4 

I.OO 

2ao 

4 

3 

I.OO 

25.0 

3*75 

2f 

0.97 

26.0 

3-50 

2A 

0»94 

27.0 

3-35 

2A 

a9i 

28.0 

3.00 

2| 

0.87 

29.0 

2.75 

HI 

a82 

300 

2,50 

H 

0.77 

310 

2.25 

H 

a73 

32.0 


>A 

0.66 

33’0 


The wet nsi^y being known, the dry assay can be calculated 
with the kelp of the a\x>ve table by deducting the amount in the 
column heiided “ margin ” opposite the corresponding percentage. 
For example, if the wet assiiy gives a produce of 17.12 percent., 
there should bo doductoil 1.5 ; the dry assay would then be 15.62, 
or, since the fractions are always expressed in eighths, 1 5|. t^th 
impure ore.«s containing from 25 to 50 per cent, of copper, the dif- 
feroDcea may be perhaps J greater. 

Wet methods are gradmilly replacing the dry assay, and it is 
probable that in the future they will supersede it ; for stock-taking, 
and the various detenninations ret{uir^ in smelting works and on 
mines, they are generally ado{ 4 ed, because they give the ^tual 
copi^r contents, and since it U obvious that a knowledge of this is 
more valuable to the miner and smelter. Moreover, the working 
of the dry methoii has been monopolised by a small ring of 
assayers, with the double result of exciting outside "Jealousy and, 
worse still, of retarding the development and improvement of the 
prcxess. 

The principal sbigos of the dryaasay are : (1) the concentration 
of the copper in a regulus; (2) the separation of the sulphur by 
calcining; the reduction of the copper by fusion ; and (4) the 
refining of Abe metal obtained. 

The whole of tbeee operations are not necessary with all copper 
i&atena]. Ores are worked through all the stages ; with mattes, 
tbe DreUmiDary fusion for regulus b omitted ; precipitates are 
simply fused for coarse copper, and refined ; and blister or bar 
coppers are refined, or, if very pure, subjected merely to washing. 

ThequanUtv of ore generally taken is 400 grains, and U known 
^ a full triiU * ; but for rich material, containing more than 50 
per cenu of copper^ “a half uial,'’ or 300 U u^od. 











TEXT BOOK Of ASSAYING, 


178 

FaBioa for Bogulus. — The ore (uither with or without a 
previous imperfect roasting to get rid of any excess of sulphur) 
IS mixed with borax, hme, and fiuor spar; and, in some 
cases, with nitre, or iron p}Tites, according to the quality of the 
ore. The mixture is placed in a largo Cornish crucible, and 
heated as uniformly as possible in the wind furnace, gradually 
raising the temperature so as to melt down the charge in fiom 
15 to 30 minutes. The crucible is nMuoved and its oontenta 
poured into an iron mould. When the slag is solid, it is taken 
up with tweeters and quenched in water. The iT’gnlus is e^isily 
detached from the slag. It should be convex above and easily 
broken, have a retldish brown colour, and contain from 40 to 
60 per cent, of copper. A regulus with more than this is “ too 
fine,’* and with less “too coarse.'* A rt^guUw which is too lino 
is round, compact, hard, and of a dark bluish grey on the 
freshly broken surface. A coarse regulus is flat and coarse 
grain^, and more nearly resembles sulphide of iron in fracture 
and colour. 

If an assay yieWs a r^uliis ** too coarse," a fresh determina- 
tion is made with more nitre added, or the roasting is nirried 
further. With low cia.s8 ores a somewhat (*oaniG regulus is an 
advantage. If, on the other hand, the rt^gulus is too fin«, less 
nitre or less roasting is the remetly. With grey copjier ores 
and the oxidised ores, iron pyrites is addoil 

Caloining the Eegiiliis.~It is powdered in an iron mortar 
and trunsf erred to a small Cornish crucible, or (if the roiLsting is 
to be done in the mulUe) to a roo.sting diih nr scorifier. The 
calcining is carric'd out at a dull re^l heat, which is gradually 
increased. The charge requires constant stiiTiug at first to pre- 
vent clotting, hut towui^s the end it becomes snn<ly and 
requires leas attention. If the temperature during calcination 
has been too low sulphates are formed, which arc again 
to sulphides in the sulweijuent fusion. To prevent this the 
roosted regulus is recalcined at a Inghor temperalure, after Isdng 
rubbed up with a little anthracite. The roasted substance mu.st 
not smell of burning sulphur when hot. It U practically a 
mixture of the oxides of copper and iron. 

Fuffloii for Coarse Copper. —The calcined regul&s is roixcil 
with a flux consisting of borax and carbonate of soda, with more 
or lett tartar acoordiog to its weight. Some ** assayers " 
boU) tartar and nitre, the former of course being in excess. Tiic 
charge it letumed to the crucible in which it was calcined, and 
it nudtad down at a high temperature, and, ns soon as tranquil, 
p o ui acL When aolid it it <|ueQched and the button of metal 
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The is bUck and glassy* The small quantity of copper 
which it retains is recovered by a subsequent ** cleaning/^ to- 
gether with the slags from the next operation. 

The button of coarse copper ” obtained must be free from a 
coating of regulus. li will vary somewhat in appearance accord 
ing to the nature and quantity of the impurities. 

Beflning the Coarse Copper.— The same crucible is put 
back in the furnace, deep down and under the crevice between 
the two bricks. When it baa attained the temperature of the 
furnace the coarse cop- 
per is dropped into it 
and the furnace closed. 

The copper will melt 
almost at once with a 
dull surface, which 
after a time clears, 
showing an “ eye.” Yiq. 4g. 

Some reEning flux is 

then shot in from the scoop (flg. 48), and, when the assay is 
again fluid, it is poured. When cold the button of metal is 
separated. 

The button of “ fine ” copper is flat or pitted on its upper sur- 
face, and is coated with a thin orange ^m ; it must have the 
appearance of good copper. If it is covered with a red or purple 
film, it ia overdone or “ burnt.” If, on the other hand, it has a 
rough, dull appearance, it is not sulficiently refined. Assays 
that have been burnt are rejected. Those not sufficiently 
fine are treated as coarse copper,’* and again put through the 
refining operation. 

Cleaning the Slags,— These are roughly powdered and 
re-fused with tartar, etc., as in the fusion for coarse copper. The 
button of metal got U separated (if big enough refined) and weighed. 

The details of the process are slightly variea by different 
assayers : the following will be good practice for the student. 

Determination of Copper in Copper Pyrites.- Powder, 
dry, and weigh up 30 grams of the ore. Mix with 20 grams each 
of powdered lime and fluor, ]$ grams each of powdered glass and 
bonuc, and*c or 10 grams of nitre. Transfer to a large Comiah 
enicible and fuse under a loose cover at a high temperature for 
from 15 to 20 minutes. When fluid and tr^uil pour into a 
luould. Wh^ the slag has solidified, but whilst still not, quendli 
by dapping two three times in cold water. Avoid leaving it 
^ the water ao long that it does not dry after removaL When 
<^d separate the button, or perhaps buttons, of regulus by 
**^iAbhog ths slag between the fingen. See that the alag m 
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free from regulue. It should be light coloured when cold and 
▼ery fluid when hot. Beject the slag. 

Powder the regulus in a mortar and transfer to a small orudblo. 
Calcine, with occasional stirring, until no odour of sulphurouH 
oxide can be detected. Shake bach into the mortar, rub up with 
ateut i gram of powdered anthracite, and re-calcine for lo 
minutes longer. 

Mix the ^cinetl regulus with lo grams of taj*tar, 30 grams r f 
soda, ^d 3 grams of borax ; and replace in tho crucible used for 
calcining. Fuse at a bright red heat for 10 or 15 minutes. Pour, 
when tranquil. 

As soon as solid, quench in water, separate the button of copper, 
and save the slag. 

To retino the c<)p{)er a very hot fire U wanted, and the fuel 
should not be too low down in the furnace. Place tho crucible 
well down in the Are and in the middle of the furnace. The same 
trucible is used, or, if a new one is taken, it must bo glaxed witl» 
a little borax. When the crucible is at a gooil red heat, above the 
fusing point of copper, drop the button of copper into it, and close 
the furnace. Watch through the crevice, and, os soon as tlie 
button has melted and appears clear showing an eye, shoot in lo 
grams of refining flux, doee tho furnace, and, in a few min 11(4*8, 
pour ; then separate the button of copper. Add the slag to that 
from the coarse copper fmiiou, and powder. Mix with 5 grams of 
tartar, 0.5 gram of powden**! charcoal, and 2 grams of 8o<ia. 
Fuse in the same crucible, and, when tranquil, pour; quench, 
and pick out the prills of metal. 

If the copper thus got from the slags is coarse looking and 
large in amount, it must l)e refined ; but, if small in quantity, it 
may be taken as four-fifths cop(>er. The oumbined rosults multi- 
plied by five give the percent^ of oop{?er. 

ITe refining flux is made by mixing 3 paite (by measure) 
of powdered nitre, of tartar, and 1 of salt Pat in a larg<' 
crucible, and stir with a red-hot iron until action has ctomkI. 
This operation should lie carried out in a well-i*entilated spot. 

For pure ores in which the copper is pres<>nt, either as meUt 
or oxide, and free from sulphur, arsenic, Ac., the conc«*ntnition of 
the copper in a regulus may be omitted, and the metal bbtained in 
a pure state by a single fusion.* It is neceeaaiy to get a And 
neutral slag with the addition of as small an amount of flux 
aaponble. The fusion should be made at a high temperature, so 
aa not to occupy more than from so to 35 minutes. Thirty grams 
<1 OM ia ta ken for a ehatge, mixed with 30 grama of cream of 
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tartar, and lo grama each of dried borar and aoda. If the 
gangue of the ore is basic, cairying much oxide of iron or lime, 
silica ia added, in quantity not exc^ing lo grama. If, on the 
other hand, the gangue ia mainly quartz, oxide of iron up to 
7 grama must be add^. 

Example, --Tvrenty grama of copper pyrites, known to con- 
tain 27.6 per cent, of copper, gave by the method first described 
5.22 grams of «)pper, eq milling 26| per cent. Another sample of 
20 grama of the same ore, calcined, fused with 40 gniios of nitre, 
and washed to enaure the removal of arsenic and sulphur, and 
treated according to the second meth< d. gave a button weighidg 
5.27 grams, equaUing 26 1 per cent. The ore contained a con- 
siderable quantity of lead. Lead renders the assay more difficult, 
since after calcination it remains as lead sulphate, and in the 
fusion for coarse cop{)er reappears as a regulus on the button. 

The Estimation of Uoistxire. — The Cornish diy o^yer 
very seldom makes a moisture determination. He dries the 
samples by placing the papers containing them on the iron plate 
of the furnace. 

It is well known that by buying the copper contents of pyrites 
by Cornish assay, burning off the sulplmr, and converting the 
copper into precipitUc, a large excess is obtained. 

KOTB8 ON THE VALUATION OF COFFEE OBEE 

Closely bound up with the practice of dry copper assaying ia 
that of valuing a |>.nv<d of roppipr ore. The methods by which the 
valuation ia mode have been described by Mr. Westmoreland,* 
and are briefly ns follows : — The produce of the parcel ia settled 
by two awiyers, one acting for the buyer, the other for the seller; 
with the help, iti ca.se of non -agreement, of a third, or referee, 
whose dedaion ia final. The dry aaaayew who do this ore in most 
coses helped, and sometimes, perhaps, controlled, by wet aasays 
made for one or both of the ponies in the transactioa. 

In the ooae of ticketing,*' the parcels are purchased by the 
8tnelt«rs by tender, and the value of any particular parcel is cal- 
culated from the average price paid, na follows The standard 
or absolute*value of each ton of fine copper in the ore, is the 
price the smelters have paid for it, plus the retumiug charges 
or cost of smelting the quantity of ore in which it is con- 
toineA The value of any pknicul^ parcel of ore is tlmt of the 
qt^tity of fine copper it contains, ^culated on this standanl, 
vunus the returning charges. The ton consists of si ewta^^and 

* ** Journal of Uw Sockty of ('U*nilcal ladostry,** vol v. Mo. % 
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it ia amised that the settled ” produce is the actual yield of 
the ore. 

If at a ticketing in Cornwall 985 tons of ore oontaining 63.3 
tons of fine copper (by dry assay) brought ;£s59i xss., the 
standard would he ;^83 j 5s. This is calculated aa follows 
The returning charge is fix^ at 55s. per ton of ore. This on 985 
tons will amount to ;^a7o8 159. Add this to the actual price 
paid, and there is got >^5300 as the value of the fine copper 
present. The weight of copper in those 985 tons being 63.3 tons, 
the standard is ;^530o + 63*3, or ;£‘83 15s. (nearly). 

The value of a parcel of 150 tons of a 6 per cent, ore on the 
same standard would be arrived at as follows : — The 1 50 tons at 
fipercent. would contain 9 tons (150 x 6 + 100) of fine copper. This, 
at ^83 15#. per ton, would give ;^^753 15s. From this must be 
deduct^ the returning clutrges on 150 tons of ore at 55s. per 
ton, or jC4t2 10$. This leaves ;^34i 5s. as the value of the 
par^. 

At Swansea the returning charge is less than in Cornwall, and 
varies with the quality of the ore. This appenra e<)uitable, since 
in smelting there are some costs which are doj)endent simply on 
the numb^ of tons treated, and others which increase with the 
richness The returning charge then is made up of two parts, 
one fixed at so much (iz#. 3^.) per ton of ore treated, and the 
other 80 much (3#. ^i.) per unit of metal in the ore. In this way 
the returning charge on a ton of ore of 8} produce would be 
1 3#. 3d. 4 (8} X 3s. 9^.), or 5#. 

If, for example, Chili hors, containing 96 per cent, of copper, 
bring ;£50 per ton, the standard is ^{^71 91. 4^. It is got at in 
this way. The returning charge on a 96 per cent, ore is 
1 3#. 3d. + (96 X 3#. 9^.), or ;^i8 1 2f. 2 ( 1 . This nddwl to gives 
;^68 I3«. 2d,, and this multiplied by 100 and divided by 96 (too 
tons of the ban will contain 96 ions of fine copper) will give 

. r 

Tlie price of 100 tons of pyntes, eontajning 2J per cent, or 
copper by djry asmy, would be got on this standard as follows 
The parcel of wo would contiun 3J tons of c^per, This multi* 
plied by the standard gives jQ^^o i6s. od. From tlvs must he 
dedt:^ted (Im returning charge, which for i ton of ore of this pro- 
duce would he t3i. 3d. 4 (sj x 3#. 9^.) or o«, 7^., and on the 
100 tons ta ;^^I03 i8s. 4i' This would leove ^57 17a lod. m 
Um pric« of the parcel, or t is. 7d. per ton. This would be on the 
standard returning charge of 45s, ffor 8} per cent, ore); if ^ 
nmikr retuning charge was agireen on, say 38s., the dinerenot 
bk ifail mmf J$^ would be added to the price per loo- 
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WET METHODS. 

The solubility of the ores of copper in acid haa already been 
described, but certain furnace pr^ucte, such aa slags, are best 
opened up by fusion with fusion mixture and a little nitre. 

The method of dissolving varies with the nature of the ore. 
With 5 grams of pyrites, a single evaporation with 20 c.c. of 
nitric acid will give a residue completely soluble in 30 c.c, of 
hydrochloric acid. If the ore carries oxide of iron or similar 
boilies, these are first dis8olve<l up by boiling with 30 c.c. of 
hydrochloric acid, and the re.^idue attacked by an addition of 
5 c.c. of nitric. When silicates decomposable by acid are present, 
the solution is evaporated to drj’ness to render the silica inso 
lulde ; the residue extracted with 30 c.c. of hydrochloric acid, and 
diluted with water to 1 50 c.c. It is advisable to have the copper 
in solution as chloride. To separate the copper, heat the solution 
nearly to boiling (l>est in a pint fljisk), and pass a rapid current 
of sulphuretted hydrogen for four or five minutes until the pre* 
cipitate settles readily and tlie liquid smells of the gas. When 
iron is pre«<*nt it will be rwluceil to the ferrous state before the 
copper sulphide begins to sejKirate. The copper appears as 
a brown ct>loration or black precipitate acc^onling to the quan* 
tity present. Filter through a coarse 6 Iter, \va.sh with hot water 
containing sulpimrotted hydrogen, if ne<:«.ssary. Wash the pre 
cipitate back into the dusk, boil with 10 c.c. of nitric acid, add 
soda till alkaline, and pass sulphuretted hydrogen again. Warm 
and filter, wash and rediasolve in nitric acid, neutralise with 
ammonia, add ammonic carbonate, boil and filter. The copper 
freed from impurities will lie in the solution. Acidulate and 
reprecipitate with sulphuretted hydrogen. When the nature 
of the impurities will allow it, this process may be shortened 
first filtering off the gangue, then precipitating with sulphuretted! 
hydrogen and washing the precipitate on the filter first with 
water and then with ammonium sulphide. 

Having separated the copper as sulphide, its weight is deter- 
mined as followa Dry and transfer to a weighed porcelain cru- 
cible, mix with a little pure sulphur, and ignite at a red heat for 
5 or to minutes in a current of hydrogen. Allow to cool whilv 
the hydrogen is still p!»asing. Weigh, The subsulphide of 
copper thus obtained contains 79.S5 per cent, of copper ; it is a 
greyiah-hlack crystalline mass, which loses no weight on ignition 
if air m excluded. 

Ooppm* may be separated from its solutions by means of sodium 
hyp^lphite. The solution is freed from hydrochloric and 
utrio Mfids by evaporation with sulphuric acid ; diluted to about 
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a quarter of a litre ; heated nearly to boiling ; and treated with a 
hot solution of sodium hyposulphite (add^ a little at a time) 
until the precipitate settles and leaves the solution free from 
colour. The solution contains suspended sulphur. The pre^ 
dpitate is easily washed, and under the proper conditions the 
separation is complete, but the separation with sulphuretted 
hydrogen is more siitisfactory, since the conditions as to acidity, 
Aw., need not be so exact. 

Zinc or iron is sometimes used for separating cop()er from its 
solutions, but they are not to be recommendetl. 

BLBCTHOLYTIO ASSAY. 

The separation of copper by means of a current of electricity 
is largely made use of, and forms the basis of tlie most 
faciory method for the determination of this meUi). If tiu; wire 
closing an electric dreuit be broken, and the two ends immerM-d 
in a beal^er of acidulated water or solution of any salt, the 
electricity will pass through the liquid, bringing about some re~ 
markable changes. Hydrogen and the metals will be liberated 
around that part of the wire connectwl with the rinc end of the 
battery, and oxygen, chlorine, and the acid radicals will l>e Md 
free around the other. DilTerent metals are deposited in this 
way with varying degrees of ease, ami whether or not any p'^r- 
ticular metal will be deposited depends“(i ) on the conditions of 
the solution as regards add and other Hulxstitnces present, and 
(2) on the intetmly of the current of electricity U‘i*,*d. For 
analytical purp^ms the metal should be de|»oHited not only fn^ 
from the other metals present, but also as a Hrm coherent him, 
which may afterwards bo manipulated without fear of kws. Thi.'i 
is, in the case of copper and many other metals, effecteil by a 
simple control of the conditions. It is necessary that tho olec' 
trodes, or wires which bring tho electricity into the solution, 
should be tna^le of a material to whicli tho deposited metal will 
adhere, and which will not be attacked by mib^tances origin.ally 
present or set frtse in the solution. They are generally mmlo of 
platinum. Tliere are various arrangements of apparatus 
for this purpose, hut the following plan and method df working 
is simple and effective, and has been in daily use with very 
fortoiy results for the last five or six years. 

The battery used is made up of two Danioll cells, coupled up 
for intensity as shown in fig. 49^thai is, with the copper of one 
connected iritb the dne ca the other. For dgbt or ten aj»ay« 
daily the quart atse ahoold bt Bsed, bat for four or five two pint 
ceU will U soificseat 
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The outer pot of each cell is made of sheet copper^ and must 
be clean and free from solder on the inside. It is provided near 
the top with a perforated copper 
shelf in the shape of a ring, into 
which the inner or porous cell loosely 
fits. It is charged with a saturate 
solution of copper sulphate, and 
crystals of this salt must be added, 
and always kept in excess. When 
the battery is at work copper is 
being deposited on the inner surface 
of tUs pot. 

The inner or porous pot contains 
the zinc rod, and is charged with a 
dilute acid, imule by diluting one volume of sulphuric acid up 
to ten with water. The object of the porous pot is to pre- 
vent the mixing of the acid and copper sulphate solutions, with- 
out interrupting the fiow of electricity. The copper sulphate 
solution will last for months, but the acid must be emptied out 
and recharged daily. 

The zinc nxls must be well amalgamated by rubbing with 
mercury under dilute acid until they show a uniformly bright 
surface. They should not produce a brisk eflferveecence when 
placed in the acid in the porous pot before coupling up. 

The battery when working is apt to become £rty from the 

creeping ” of the copper and zinc sulphate solution. It must 
be kept away from the working bench, and is best kept in a box 
on the floor. 

The connection of the battery with, and the firing of, the 
electrodes may be made by any suitable arrangement, but the 
following is a very convenient plan. The wire from the zinc is 
connected by means of a binding screw with a piece of stout 
copper wire, which, at a distance sufficiently great to allow of 
easy coupling with the battery, is led along the back of a piece 
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of hird wood* This is fixed horixontally about one foot above 
tho working bench* general arrangement is shown in 



Fio. 5r. Fio. 51. 


fig. 50, in whichf however, for the sake of economy of sjmoe, the 
battery is placed on the working bench instaad of on the fioor. 



The piM of wood is cos inch aqnars and three w four feet long. 
It is perfocmled from front to at distances of six inchse by » 
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fiiimber of small bolefi, in which are inserted screws like that 
shown in fig. 51. ThcMj are known as “terminals,” and may 
be obtained of any electrician. The head of each screw is 
soldered to the wire mentioned above as running along tbe back 
and as being connected with the zinc end of the battery. These 
terminals serve to fix the electrodes on which the copper is to be 
deposited. The wire from the copper end of the battery is 
similarly connected by a connecting screw (fig. 52) with another 
wire (H in fig. 53), which runs along the top of the rod and has 
soldered to it, at distances of six inches, cylindrical spirals of 
copper wire. These should project from the rod at points about 
haJf'W'ay between the terminals alrt«dy described. They may 
be made by wrapping copper wire around a black-lead pencil for 
a length tf a)>out three inches. 

The rod i« fiei-f orated from top to Ivittom with a series of small 
holes, one in advance of each terminal but as near it as possible. 
Into these short pieces of glass tube are inserted to ensure insu- 
lation. These receive the other electrodes, which are connected 
with the wire leading to the copper end of the battery’, through 
the spirals, with the help of a biuding screw’. Tlie figure will 
make this clear. (Fig, 53,) 

The eloctrodes consist of a platinum spiral and cylinder. 
The spiral should have tlie shape 
shown in A, fig. 54. When in 
work it is passed through one of 
the holes fitted with ghtss tnl>es and 
connected with the ct)pper end of 
the battery. The thickness of the 
wire of which it Ls made is un- 
important, providetl it U stout 
enough to keep its form and does 
not easily bend. The spiral will 
weigh about 8 grams. The cylin- 
der (C, fig. 54) will weigh alxtut 
13 grams. It should have the 
shape shown in the figure. In 
working it is clampCNl to one of 
the terminals, and on it the copper 
is deposited. A cylinder will serve 
for the deporitkm d from t to 1.5 
gram of copper. It is made by ^ 
rivottlt^ a ^uare |uece of foil on Fm. 54. 

to a s^ p^ee of wire, and then 

bending into ehape over a glam tube or piece of roonded wood, 
e^ndor ouriee a distinctive number, and is marked by 
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preflidiig Roman numenUa on the foil vriih the blade of • knife. 
The weight of each U carefully taken and recorded. Tliey lose 
slightly in weight when in use, but the loss w uniform, and 
iversm half a mtllignun per month when in daily use. The 
cylinaers are cleaned from deposited copper by dissolving 
with nitric acid and washing with water ; and from grease by 
igniting. 

The beakers, to contmn the solution of copper to be electro- 
Irseil, are onlituiry tail beakers of about 200 c.c. capacity, and 
are marked off at too c.c. and 150 c.c. They uie supported on 
movable stands, consisting of wtMMlen hhicks about six inches liigh 
and three inches across. The bjir.of w'ooil which carries Ifte 
connecting wires and electnKlea U permanently fixed over the 
working bench, at such a height that, with the l)eakm resting (^n 
these blocks, the electrodes shjiil In? in position for working. 

To fix the eicctnxltvs to the rod, remove tlie ^tand and Iw^aker 
and pass the long limb of the spiral up through one of the 
glass tubes. Connect it with the free end of the copp(*r spiral 
bv m«ins of a conni’cling scn^w (fig. 53), and then draw out and 
liend the cop[)6r spiral sr> th..t the platinum one may hang freely. 
Screw the wire of the cylinder to the terminal, and, if mH^a.ary, 
tend it so that the cylinder itself nmy Ik? brought to encircle the 
rod of the spiral in the manner shown in fig. 53, 

Tho general method of working is as folIows;«-.Tlie quan- 
tity of ore to l>e taken f<»r an ivany varies with the richnes.s of 
the ore, as is shown in the following table : — 


|Wr«ek«« Coppff 



ni Off 

lo Utr Ofr, 



t.} tx 

1 to 5 



. 5 UTnIU* 

5 to 10 


• • 

. 3 .. 

10 to y> • 



• i H 

30 to 50 , 



. 15 » 

50 to 100 


• 

- t 


The weighed quantity of ore is dissolviMl by evajMiriiting wiih 
nitric acid and taking up with hydrochloric, m already descriWd. 
Any ooloure^l n^due which may ho left U generally organic 
matter: it U filb?red off, calcined, and any copjwr it contaim* is 
estimated col ori metrically. Nearly always, however, the residue 
ii white and sandy. The copper is separated from the solution 
as sulphide by means of a rapid current ^ sulphuretted bydmgen. 
The liqaid is decanted off through a filter, the precipitate washed 
oooe with hot water and then nosed back into Ui 9 fiask 
tlt» being opened out) with a |et of water from a wa'^h 
bottle, nftoeo c.c. of nitric a^ are added to the contenbi of tlis 
itik, wbieli are than briakly boilad uoUJ Uie bulk ta roduoed to 
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than 10 eA The boiling down is cturied ont in a cupboard 
free from cold draughts^ so a« to prevent the condensation of 
acid and steam in the neck of the flask* Twenty c.c. of water 
are next added, and the solution is warmed, and filtered into one 
of the beakers for ele€trr)IyKi 8 . The filtrate and washings are 
diluted with water to the 100 c.c. mark, and the solution is then 
ready for the battery. It ntust not contain more than xo per 
cent, by volume of nitric arid. 

The number and weight of the platinum cylinder having been 
recorded, both electrotles are fixed in position and the wooden 
block removtMl from under them. The beaker containing the 
copper solution is then brought up into its place with one hand, 
and the block replaced with the other so as to support it. All 
the assays having been got into position, the connecting wires 
are joined to the battery. If everjthing is right bubbles of 
oxygen at once stream ofiT from the spiral, and the cylinder 
becomes tarnished by a deposit of copper. If the oxygen comes 
oiTbut no copper is deposited, it is because the assay solution 
contains too much nitric acid. If no action whatever takes place, 
it is because the current is not passing. In this case examine 
the connections to see that they are clean and secure, and the 
connecting w ires to see that they are not touching each other. 

The action is allowed to go on for sixteen or seventeen hours, 
BO that it is best to let the current act over-night. In the morn- 
ing the solutions will ap(>ear colourless, and a slow stream of 
ox)'gen will still be com i tig off from the spiral. 

A wash-lK)ttle with cold distilletl water and two beakers, one 
with distilM water and the other with alcohol, are got ready. 
The block is then removed, the spiral toocened and lowered with 
the beaker. The cylinder is next detached and washed with a 
stream of water from the wash-bottle, the washings being added 
to the original solution. The current from the battery is not 
^pped until all the cylinders are washed. After being dipped 
in the beaker of water and once or t wice in that with the alcohol, 
it is dried in the water-oven for about three minutes, and then 
weighed. The increase in weight is due to deposited copper, 
TliU should be salmon-red in colour, satin-like or crystalline in 
appearance, and in an even coherent deposit, not removed by 
rubbing. It is permanent in air when dry, but sulphuretted 
bydrogmi (quickly tamishes it, producing coloured films. With 
ores containing even verv proportions of bismuth, the 
deposited copper has a dark grey colour, and when much of this 
i&etel is premt the copper is coated with a mj shaggy de^t. 

It still remains to determine any copper left undepoaited in the 
solutiim. This does not generally exra^ four or five miUigrama, 
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and ii estimated oolorimetricall^r. Thirty 0.0. o! dilute ammonia 
(one of strong ammonia muced with one of water) are added to 
the elet^rolys^ solution^ which is then diluted up to the 150 c.c. 
muk with water* It is mixed, wdng the spiral as stirrer, and, 
after standing a few minutes to allow the predpitate to settle, 
100 C.C. of it are Altered oflf through a dty dlter for the colori- 
metric dotermination* Since only two-thii^ of the solution are 
tahen for tlvU, the quantity of cupper found mitst be increased hy 
one* half to get the quantity actually present. 

The colorimetric determination may be made in the man- 
ner described under that head, but where a number of assays are 
being carried out it is more ooiiveuiont to have 
J|||L a series of standard phials containing known 

amounts of cop^ier in ammoniacal solution. By 
comparing the measured volume of the assay 
sobuion with timse, the amount of copper pre- 
sent is determined at a glance. Thcso stanoard 
bottles, however, can only be economically used 
where a large number of assays are being made 
daily. 

A amvenient plan ts to got a quantity of 
white glass four-ounce phials, like that in fig. 55, 
and to label them so that they shall contain 100 c.e. 
Fkk 55. when filled up to the bottom of the labels. The 
labels should bo reudere<l pennanent by coating 
with wax, and be marked with numbers indicating the millignuiii 
copper preient. Tlie bottles are stopped with new dean corks, 
and contain, in addition to the sp<Hrifie<l quantity of copper, 6 c.c. 
of nitric add and 10 c.c. of strong ammonia, with sufficient water 
to make up the bulk to 100 c.c. Tlie copper is best added by 
running in the requisite amount of a standaH solution of copper, 
each C.C. of which contains 0.001 gnun of the metal. 

The standard bottles should be refilled once evety three or four 
months, sinoe their colorimetric value Is^mes slowly less on 
keeping. The following determinations of a set which bad be<‘n 
in use for three months will illustrate this. The figures indicate 
millignins of copper in 100 c.c. : the first riw gives the nominal 
and the second row the actual colorimetric value of the standards, 
file difomioe between the two shows the deterioratton. 

113468 to II 14 
* * 3 3-7 5-5 IS 9 “ *3 

Tbe amount of copper in the assay is got by increasing that 
fooad odorimeirioaJly by one-half and adding to that found on 
tia platifinin blinder. The percentage is oUmilated in tbe usual 
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way. The following ezamplee will illustrate this, as well as Uii 
method of recording the work in the laboratory book : — 


Cylinder I. +Cq , 
Cylinder I. . . , 

• * 9 'S 4 io 

• . 9 - 5*70 

By colour iooc.c.=:o.ooi$| 

0.0007 ( ‘ 

0X>240 

. . 0.0022 

0.0022 

IX Sample. Took 5 grams. 

0.0262 

Copper = 0.5a */• 

Cylinder VI. + Co 
Cylinder VI, 

- 10.5705 
. iaa 437 

By colour, 100 c.c. =0.0070) 
OOOJ 5 / 

0.5268 
• . 0.0105 

0.010s 

Matte, No. 1070. Took 1.5 gram. 

0-5373 

Copper = 35.82*/. 

CTlindcrXIII.+Co , 
Cylinder XIII. . 

. 12.035a 
. 11.0405 

By colour too c.c. -0.0005) 
onooij 

0.9947 

. . onoo7 

0.0007 

X Sample, Cake copper. Took 1 

0.9954 

.0055 gram. 

Copper = 99 00 7 . 


In the electrolytio assay of metals, alloys, precipitates, and 
other bodies rich in copper, the preliminary separation aS the 
copper by sulphuretted hydrogen U unnecessary. It U sufficient 
to dtsaolve the weighed sample in 10 c.c. of nitric add, boil off 
nitrous fumes, dilute to 100 nc. with water, and then eleotrolyae. 

Qenenl Contidmtione.-'ln the preliminary work with the 
copper sulphide there is a small loss owing to its imperfect removal 
in washing the filter paper, and another small loss in diaeolving 
in nitric add owing to the retention of particles m the fused 
globules of snlj^ur. To determine its amount the filter>ps^>erB 
and sulphur were ouUected from forty aesaye, and the copper in 
them determined. The average amount of copper in each s^y 
was at75 gnun; that left on Urn filter paper was 0.00067 gtwm ; 
l&dthatreUinedby the sulphur 0.0000^ gram; thussh^dngag 
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tTtrtge loM from both soorooB of 0.00070 gram. The determine- 
lioDB from another lot of forij-two aimihir aasays gave on an 

ayonge 

Copper left on filter paper . • • . OLOO070 gram 

Copper retained bj iolpbor .... 0.00004 » 

The loss from these sources is trifling, and need only be con* 
ridered when great accuracy is requirin). 

The deposition of the copper uudor the conditions given is 
ntisfactory, but, as already stated, if the solution contain luuro 
than 10 per cent, of nitric acid it is not thrown down at all ; or 
if a stronger current is used, say that from three Uunsen cells, it 
will be precipitated in an arborescent brittle form, ill adapted for 
weighing. It may be noted here that iucreusing the hue of the 
cells does not necessarily increase the intensity of the current. 

In two determinations on pure electrotype cop])cr the following 
results were obtained : — 

CjpTprr Tkkm. Copper FomwL 

gram o SoSs grmm 

018305 „ 0830J rt 

The presence of solU of ammonia, Jcc., some w list retards the 
dep^ tion, but has no other ill elTect. 

^e organic matter generally prceent in copper ores interferes 
more especially in the colorimrtric determination of the r^dvia] 
copper. It can be detected on di^^^tlving the ore as a light 
black residne insoluble in nitric arid. It is filtertHl off at onn*, 
or, if only present in small anmunt, it is cfirried on in the onli- 
nary process of the assay and separated in the last filtration 
before electrolysis. 

The following experiments were made to test the effect of the 
presence of salts of fondgn metals in the solution during the 
precipitation of copj>er by electrolysis:— 


Cov^Tikm. 


OUi^ 

Copprr Foond. 

a 1000 grain 

a 1000 gram of silver j 

01800 

0.1050 

19 

0.1000 

m 


02000 

a 1030 

m 

a 1000 

m 

mercury 

03010 

0.1037 

» 

0. 1000 

m 

.. 

02015 

aiQio 

m 

0 1000 

M 

lead 

01030 

01030 

m 

a toon 

m 


01018 

0.1010 

m 

0.1000 

m 

arsenic 

OlOlO 

01007 

m 

01000 

m 

„ 

01033 

OI(^ 

« 

01000 

m 

antimoaj 

01050 

01034 

ti 

otooo 

*> 

H 

01057 

<X 0990 

It 

01300 

«» 

tin 

00990 

OilOf 4 

m 

0.1000 

• 


01015 

»IOOO 

• 

OlOOO 

M 

Umoth 

Ol^ 
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Co^ar Tekea. 

Otbrr MrlAl Ad4cd* 

Copper Foood. 

a 1040 gram 
atoo9 „ 
0.1014 » 

0. 1079 w 
a 1054* „ 
aio 34 » 
0.1075 „ 

O.IOJO n I 

a 1000 gram of cadmium 

0.1300 „ 2inc 

0, 1000 „ nickel 

0.1200 „ iron 

0. 1000 ft chromium (Cr, 0 ,) 1 

o-ioco „ „ (KjtrOJ 

0. 1 o^.o „ 8 hi ni in ium 

a 1000 „ nmiganese 

a 1052 
aioi7 
0.1007 
0.10S9 
0.103s 

0. 1010 
0.1078 
o.o9to 


It will bo seon from thei^e tbat mercury, silver, and bismuth 
are the only incUls which are jireci pi table* along W’ith the copper 
under the conditions of the ftssay. Mercury, which if present 
would interfere, is w^parated U-cuusc of the insolubility of its 
sulphide in nitric acid. 

bismuth is precipitate<l only iifter the main portion of the 
copt^er is thrown down. It rfmdcrs the copfxjr obviously unsuit- 
ohle for weiglting. It darkens, or forms a gi'eHsli caiting on, 
the copjXT; and this darkening is a deiimte test for bismuth, 
lu asfijiying oivs containing about three and a half per cent, of 
cnp|x»r, and known to (tiuiain Itismuth in cjuantitie-s scarcely 
dctiH-tablo in Oh li nary analysis, the metal (iej*osittsi was distinctly 
greyish in colour, and would not 1 m * mistiken for pure copper. 
Ten grama of this iinjiure c(»pj>er were collected and analysed, 
with the following rt‘>ults; — 


CopfH-r . 
BiMiitith 
Iron 
ArMauo 


• . . 99 461^1 cent. 

• . . 00 30 „ 

« . . 0014 M 

• • . 00.10 


lOO.CO 

The quantity of copjM r got in cacli a.ss:»y w“as 0.175 
couMspicntly the bismuth avcnigcd 0.00053 

To the bisiiiuth in such a case the deposit is dis- 

solved oil* hy warming it in the onginai solution. The bismuth 
is precipitated by the addition of ainmonic carbonate, and the 
wtlution, after liltering and acidifying with nitric acid, is re- 
electrolyjujd. 

Determination of Copper in Commercial Copper. --Take 

bx)in I to t.5 gram, weigh carefully, and tnimsfer to a beaker; 
u<ld 20 c,c. of water and 10 c.c. of nitric acid ; cover with a clock 

* when preneni U precipiiatwl on Ihe spiral in the fonu of a daik 
of (U>oxicle Mangnnw^o is al*« thrown down on the 

^ dioxide (MaO^ the MiutioQ at the same time becomes violet item the 
“motion of permanganic add. 

H 
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glass, and allow to dlssolvo with inodemto action ; boil off nitrous 
fumos, dilute to loo c.o., and electrolyse. The cylinder must \)q 
carefully weighetl, and the electrolysia allowed to proceed for 
24 hours. The weight found will be that of tlie copper and silver. 
The silver in it must be detomiineil* ami deductea. 

Determination of Coppor in Brass, German Silver, or 
Bronse.— Trft»t in the same manner as commercial copper.* If 
nichel is pnwiuit, the few milligmms of copper remaining in tlio 
electrolysed 8olutit)n should be with sulphuretted 

hydrogen, the precipitated sulphide dissolved iu nitric add, ami 
determined colorimetricnlly, 

VOLfTMETBXO FBOCBSSES. 

There are two of thcs<? in use, one lump'd on the det'olorij-iri^j 
effiH*! of cy;iuide ujon an ummoniuul co})|H*r soluiion.and 

the other uj>on the measurement of tl»« (puintity of iisline 
liberated fn>m potassic by the cop[«r salt. The cyanido 

process is the more gencrdly ustsl, and when carefully workfsl, 
“on certain understoixl and nrtlnxlox conditions,” yitdd.s go(d 
results; but proiahly there is no nu-tiuxl of ax-aying where a 
slight iicvmlion from the?*c & editions so surtdy Iwuls to error. 
An ojTcrator has no dilliculty in goiting (Wincoislant results with 
duplicate ass; tys ; yctdiiVcn/nt.vNSkycrs, working, without bios, on 
the same material, get results uniformly higher or low'er ; a 
dilFerenee evhh nlly due to variations in tlie m(xlo of working. 
Where a large uumlxT of results arc wanUxl (|uii k)y it in a very 
convenient method. The iotiide piixjcs.s is very s^aUfactory when 
worked under the pn>[)er conditions. 

OYAHIDB METHOD. 

The process is Isiswl upon the fiu ts — (1) that wlien ammonia is 
adde<l in exm^sx to a solution containing cupric salU, ammouiacol 
copper comjK>umik are formed which give to the solution a deep 
blue colour; and (2) that when potossic cyanide is added in suth- 
cient quantity to such a sot u turn the col* air is removed, double 
cyanides of copper and potassium or ammonium Udng formwl-t 
In the explanation genemlly given the formation of cuprous cy* 
Anide U ettppQsedt; hut in practice it is found that one part of 
copper requires rather more than four parts of cyanide, whicb 
agreee with the former, rather than the latter, explanation, 

F 8ee the me^od ginn under Kraminntion Commerckol 

t CaSO. 4* 4K(5y « aKCy.CuCy, f K,JsO,. 

x t Afl4,0 m + Am/0, 4 K,S<>, 4 KCjO 
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AeUanoe on Uie aocmcy of the process cannot rest upon the 
luppofiition that the cyanide rcquir^ for decoloration is propor- 
tional to the copper present, for varying quantities of ammonia 
salts, ammonia and water, and difTerences of temperature have an 
important effect. The results are concordant and exact only 
when the cyanide is standanlised under the same conditions as it 

useil. It is l)^t to have the Kjlution and that used for 
standardising as nwirly jls pox'-ihle alike, and to titrate the two 
solutions side by side. This demands an approximate knowledge 
of the quantity of copper contained in the ore and a separation 
of the bulk of tho impurities. 

For the titration there L% required a standard solution of potas- 
sium cyaiudo made by dissolving 42 grams of tho salt, known to 
dejilers as Potassium Cpnido (Gold), in water and diluting to one 
litre : 100 c.c. of this will be about t^uivalcnt to one gram of 
copper. For jwor ores the solution may (x>nveniontIy be made 
hiilf this stiTUgth, 

Tho solution of the ore and the separation of the copper as sul- 
phide arc offwte<| in the same ways as have ht^malrc^ady describeil 
tor electrolysis. iSlniilaily, t<x», the sulphide is attacke^l with 
15 c.c. of nitric acid and the .L^-ay 1 ho led down to 10 c.c. Add 20 c.c. 
of water and w*arm, filter into a pint fiask, wie^h well with water, 
and dilute to about 150 c.c. : add 30 c.c. of dilute ammonia, and 
cool. 

Prepare a standanl by diss^dving a quantity of electrotype 
copper (judges! to Ih« about tho same as that contAino<l in ths 
assay) in 20 c.c. of water and 10 c.c. of nitric acid, boil off the 
nitrous fumes, and dilute to 150 c.c.: add 30 c.c. of dilute 
ammonia and ciKih 

Fill a burette with the stantlaivl cyauitle solution. Tho burette 
with syplion amingeroent, figured on page 52, is use<l. A 
number of titmtiniis can be carried on at the .same time provided 
the quantity of copper present in each is al>out the same. This 
is r^ulate<i in weighing up tlie ore. Tho flasks must of course 
be mArke<l, and should lx* arrangtHl in series on a l^nch in front 
of a gOO<i light and at such a height tlmt the liquid nin bo h*oked 
through without stooping, vSupposing about 50 c.c. of c\*anide 
^11 be roquire<l, 30 c.c, should be run into each, atid each addi* 
be recortled as soon as made; then run 15 c.c. into each. 
The solutions will now prolxibly show markcvl diflciTiiccs of tint: 
*dd I c,c, of cyanide to tho light^-r ones and more tn the darker, so 
M to bring tho colours to about the sauio depth of tint. They 
fihould dl be of nearly oqmal tint just before finishing. At the 
half a es). at a time until the colours ore completely dia- 
A pieoa oi damp iUccr piper held Utweeu the Ug^t 
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and tha Oaak assi^U in judging tlie colour when nearly finished. 
Overdone assays show a straw yellow colour whicli deepens on 
standing. 

The following will ilUistnUe the notes recorded five such 
assays and one standaiil ; — 



30 c.c. 

iSe.c. 

5 C.c. a c.c. 1 c.c. 

1 C.C. - c.c. = 53} c.o. 


30 .. 

*5 •• 

1 2 „ 1 .. 

1 .. - = 4^1 « 

A 

30 « 

15 » 

3 In 1 M 

} - = 50l H 


30 « 

15 - 

3 .. a .. 1 » 

} i M == 54 .. 

5 

50 

J5 .. 

2 „ i „ \ „ 

k n — = 49l 

(h) 

30 .. 

ij .. 

2 1 M t H 

} „ 1 -50 staiitrird 


Three gnvuis of ore were taken^ and the ^^taiiibu d couluuied 
0.480 gnuu of cop|)er. 

In this seines the dilVeivme of half a c.c. ineiuis about 0.15 
l)e>* cent, on the oie ; with a little practice it is eie<y to t'sliinate 
whether the whole or half of the hist aAldiliou hIkhiUI 1h» coimte<l. 

To get results, the manner of tinisliing once 

adopteil must lie adlieied to. 

The following ex|s*riments show the ellW't of vririution in the 
conditions of the u.v.a y : — Use a ii“f’uUuu v/ co/tper nitraUt made 
by di-ssolviug 10 gni ujs of cm[*| km* in 50 c.c. of water and 35 c.c. of 
nitric acid, ntnl dilutiiig to a hire. 100 c.c. = i gnim of ct)|iper. 

Effect of Varying Teraperaturo. — Ja these exiHM'iments 

4OC.C. of copjK'r uilr.Alt' wcmx* umjaI, wiili lo c.c. of nitric aei»l, 30 c.c, 
of dilute aiiiiijonia, unit water lo .'oo i‘.c. Tlic it-suUs were^ 

Temperatare . . *5* * V/ 7o* lou* 

Cyanide required . ai.5 c.o. 20 b ** c. ity ; c c. 1S.8 c.c. 

The tempenitun? is timt of the wtiuliufi titrating. These 

show the im})*>rt;Ua-e of always cooling U f<;re titrating, aiul of 
titrating the iweiy and stainhiri! at the satno UMn[^^ratuna. 

of Varying Bulk« — Theijuantuiisof copjn'r, m-ul, and 
ammonia were the same as in the last un iiliuiRsl eXjH'rimcnU. 
The results were 

Bulk . . 100.0 c.c. jrirxo c.c. 300.0 0.0. 400.0 aa. 

Cyanide rerjaired . 33.3 » 317 ^ 3t 4 h 21.4 m 

These show ibit largo variations in bulk mu«t bo avoiiksl. 

SfiSsot of Varying Ammonia. ^The (juantitiee of copper and 
•cid were the same a.s in the series of exjuTiuieutil last tiuticeU. 
The bulk was 200 C.C. Tli© results wore 

|>t}aU! aiomotiia . soo 0.0. Jo o c.c. jao 0 . 0 . looo ae. 

Cymaide reqai/ed . 309 h 3 |.; „ 23.3 „ 34A « 

Bfllsot of Varying Acid. — The quantities of copper and 
water were the wune as in the laatrooticed set of eiperituenU; 
^ of dilate ammonia were uaed* 

Mitfkiaoid . . 500.0. 

P|Midefeg«iiad • ftiA • 


ioooA> 150 OA 

U4 . «‘i • 
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On add mg nitric acid to the solution it combines with n portion 
of the ammonia to form ammonic nitrate; it will be seen from 
the last series of experiments that the lessening of the amount of 
free ammonia will decrease the quantity of cyanide required ; 
but, on the other liarid, the ammnnie nitrate W’hich is at th# 
sjime time foruied will increase tlie anrjount re^juired ; under tn«. 
conditions of the as>ay tlieso two etrects neutralise each other, 
and Hiich diflV*rouce.s in the quantity of acrid ns are likely to occur 
are unimportant. 

Effect of Varying Ammonic Salts. — The quantities of 
cop{)er, water, and aininonia were* the sjnne as in the Last men- 
tioned set of ex[>*'riinents, but no nitric acid was \i^\, 

Ammonic nitnito added l pnim 5 {rraras 10 grains 20 ;:ramB 

Cyanide ref^uired , , 212 c.c. 22.1 c.c. 23.! c.c. 24.1 c.c. 

These .show that comhiru^d ammonia seriously affects the titra- 
tion, and that the principle soinctijues n?commended of neu- 
tral i.**ing the acid witlj ammonia, and tlien adding a constant 
quantity of ammonia, is not a good one, l>ecause tliere is then an 
interfenmee both by tlie am m on hi and by the variable quantity 
of amnionic siilts. 

The same quantity of coml>ined .ammonia has the .same effect, 
w’hctlmr it is present as sul[)hate, nitrate, chloride, or acetate, as 
the following ex\*cnu\entK ^how. t'ouv lots of 20 c.c. of “copper 
nitrate'* were taken, und 20 c.c. of dilute ammonia advletl to each. 
Thfistf* were i-an fully neutralised with the i'e>jx*itive acids, ren- 
demi alkaline with ;o c.c. more of ammonia, coded, diluted to 
bulk, and litnit(*d. The results were : — 

With sclidiuric arid . . . 22 S C-C. of cyanide 

„ nfiricacid .... 226 

p h^dr-vkloric acid . , . 22.6 ,, » 

„ acetic acid .... 22.5 ,, « 

Effect of Foreign Salts. — 8ulphntos. nitrates and chlorides of 
■o^Iititn or pt>tfiK.siinn have no fiction, whilst the hydrates, carlx)- 
nntes, bimrlii>nal**s, sulpliit<v(, and nitrites have an important 
clh'ct . The i nteriim*nre of a m monic sal ts has aln*a<ly been shown . 

Salt* of silver, linc^ and nickel react with cjainide ju.st as 
copper does, and conaequcntly intericre. Ferrous sfilts are sure 
to l)e absent, and ferric salts yield ferric hydrate with the am- 
monia, which i« not acted on by the cyanide, but, owing to its 
buOdnfsM, it wsUlm slowly ; this lengthens the time required 
for titmUon, and so moclifuis the manner of working. An asmy 
not h$ VHjrhd wUk ferric h*j<iratc prmnt, unUss the etemdoM 
conUUm ab<nU the aams q/* it. On mines it is often in- 

oonveniBnt to aepaimta ^e copper by menna of tulphozetted 
hydrogen j hanoe tl U euatomiuy to titrate without previous 
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sepmtion. In tiiiii enae, instead of etandardising the ejanide with 
electrotype copper, a standard ore should be used. This should 
l>e an ore (of the sonio kind as those lacing assayed) in which tlie 
copper has l>e©n carefully detenniued. 

Effhot of Varying Copper, — In these ex[H*nmonts 10 c.c. of 
nitric acid, 30 c.c. of amuioimi, and water to aoo c.c, were used. 

Copper niliate piwKnt 1.0 c.c. 10.00.0. 20.00.0. 50.0 c.c. 100.0 o.c, 

Cyimide reqoirra . a; „ 11.2 „ 21.7 „ 54.5 „ 108.1 „ 

These results show that under the conditions laid down the 
various causes of disiurliance nearly lunitmliso one another, and 
the results within a hiir range ai'o pnutirally pr^|HU-tional. 

Determination of Copper in Copper Pyrites. - Weigh up 
2 grams of the drital and jK>wdcivd oix‘, and place in an eva[>omt- 
ing dish aljout four inches in diameter. Covtu- witli 20 c.c. of nitric 
acid and put on a hot plate. Kvui>orate to diync.ss witliont 
further handling. Allow to cool and take up with 30 c.c. of 
hydrochloric acid, l>oil, dilute, aid tniu.sh r to a pint lla.sk, liltcring 
if nctssKuy. Make up the hulk with the washings to alwut 
150 c.c. Pi'ei'ipitatc with sulpluuvtttsl hydngeu, llltiu', and wa.sh 
Wk the pnvipitatc into the tiask. .\iKl 150.0. of nitric acid, 
and boil down npidly to 10 c.c. Dilute, add 30 c.c. of dilute 
auvmonia, uiake uj> to 1 50 c.<-., ami (-ool. For the staiiilaisl, wcigli 
up 0,5 gram of <s>p[)cr. mon* or less, nc<'''iiiing to the quanfity 
judgtd to Ito prese nt in tljo a.ss;iy. Di.'.solve in 20 c.c, of dilute 
nitric add, boil off iiitron.s fumes, udtl 30 c.c. of dilute ammonia, 
make up to the stme bulk as timt of th<’ usnu', and wk) 1 . Titmte 
the two solutions si»le by side and as lit^iu ly a.s |x>s.sihlo in the 
same manner. 

Since the a.s.say solution is often turhid fioni the of 

small quantities of lead and of iron fit>m incomplete washing, 
and dnee this slight pndpitate is veiy .‘^Inw in settling, the 
stamlard mn hardly Ih? com|«vml strictly with tlu> a*is,'iy, Tliis 
can l>e counteraett'd by pre<apitating in loth .'sf>lutioiis a mixture 
of ferric and aluminic hydrates, which jM-ttlcs rciulily and leavf-s 
the supernatant liquor clear. To effect this, boil the nitric at'id 
solutions with 30 c.c. of a solution containing 15 grams each of 
alum and ferrous sulphate to the litre. In an mrtual detertniua- 
tiou 3 grains of the ore were taken and oom|)anMl with 0.5 gram 
of eoppet. The assay rtxjuired 57.7 c.c. of cyanide and the 
stoiuurd 53.5 C.C. 

52.5 : 0.5 :: 57.7 : a5495 

Dill on 3 gnuns of ore » 27.47 1 sample bj 

tlietio^yiil gjM 37.60 po* cent, of copper. 
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Determination without PreTione Separation* — Dissolve 

op a grams ti& before, but, insU^ad of paj^sing sulphuretted 
hydrogen, add 30 c.c. of dilutu ammonia, shake well, and cool. 
Prepare a standard by dissolviiig 0.5 gram of copper in 1 c.c. of 
nitnc acid, add 0.6 gram of iron in tho form of ferric chloride 
and 20 c.c. of hydrocldoric acid, dilute to about 150 c.c., add 30 c.c. 
of dilute ammonia, and cool. Titrate tho two solutions side by 
aide. In a determination on the sample hist used, 58 c.c. were 
rwjuired fortheas.sayand 53 c.c. for the standard, which indicates 
27.3 fwr ct‘nt. of coppiT. 

This method of working is somewhat rough. 

IODIDE METHOD. 

Thia is baaed ujx>n tho fact that when potassic iodide in excess 
is adile<l to a stnmg solution of a (uju-ic sidt in a faintly acid 
solution, cuprous iodi^le is formed and an ctjuiviilent of iodine 
libemted.^ The ioiiine is measured by titrating with a solution 
of WKlium liy|K)>ulphite,t using starch paste as indicator. The 
ioiline is soluble in the excess of potassium io<lide, forming a deep 
i>n>wn solution; tlie hy}K>sn!phite is addcsl until this brown colour 
is almost reraovcHl. Htairb paste is then added, and strikes with 
the reinaiuing ici<litic a dirty blue colour. The addition of the 
“hypo” is contimk^l until the blue c^ilour is dischargeil. JTheend 
reaction is sharp ; a drop is suilic ient to complete it. 

As regards the tit rat "()n, tlie process leaves little to be desired ; 
the (pinntity of ‘*hyj‘o'' mpiiriHl is strictly proportional to the 
copjHT pnwnt, and ordinary vu nations in the conditions of work- 
ing are without rlbvt. Tho presence of salts of bismuth masks the 
end reaction bts*ause of the strong colour imparted to the solution 
by the ioilide of bismuth. Under ccrtiin conditions there is a 
return of the blue colour in the a.ss.ay solution after the finishing 
point lias appait-ntly U'en roar) ted, which is a heavy tax on the 
{latience ami confulcnce of the cjjierator. This is sj^n^iiilly apt to 
occur when soilium acetate Is present, although it may also be due 
to excessive dilution. 

The standard “ hypo” solution is n ale by dissolving 39. iS 
prams of the crysUlluied salt (Na,i>,0,.5H,0) in water and 
diluting to one litre. One hundred c.c. will equal one gram of 

COf^, 

The starch solution is made by mixing i gram of starch into a 
thin paste with cold water, pouring it into 200 c.c. of boiling 

t aCtiSO, + 4KI « C^^I, + 21 + 2K;50^ 
t -f fX a aNU 
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wat«r, and continning the boiling for a minute or wo. The min* 
Uon must be cold before use, and al>out 2 c.c. is used for each 
assay. It should not be addoi) until tlm bulk of the iodine has 
been reduce<l. 

To standiirtlise the “h)']v>/’ weijjh up 0.3 or 0.4 gmni of pure 
copper^ dissi^ve in 5 cx. of dilute nitric m id, boil oll’nitnaw fumes, 
and dilute with mi et]ual bulk of cold water. Add “ soda *' solution 
until a j)ermanont pnxipibite is obtaiiunl, and then i c.c. of iieotic 
acid. This should yield a clear w^lution. Kill an nr Unary buixtte 
with the hypo.” Ad*! 3 gniins of p>ta.ssium iodide crystals to 
the copper .s^dutinn, and. when these are dbsolved, dilute to 100 
c.c. with water. Itun in tljo " hy]>o” solution ratlxr cjuiekly until 
the broivn colour is nearly ilL'icharged—f.^., to within 3nr4cx.of 
the finish. Add 2 ex, of the starch 5o|uti()n, and continue the ad- 
dition of the hy|vv’’a few dnps at a time until the tint suddenly 
chan^'es to a cream eolntir. Tlie blue colour must not nHurn on 
standing three or four minuU^ Calculate tlie standard in the 
usual way. 

In assjiying ores, the copper is dissnlvetl and separated with snl- 
phuretteil hydrojjiui as in the other pr^s'cs.-xs, but the sulphide 
should be washe«t more cf)mph t<*Iy to eii.*»ure tlie alienee of iron 
talU. 

The following exj'eriments show the effort of variation in the 
conditions of the assiiy. I'm’ a solution of copper sulphate ci>n- 
»iuning J9.3S gnimn of copper sulphate crj'stals (CuS0^.5H,0) 
in the litre. 100 ca\ etpuil i.oo gmm of eop|HT. 

Efifect of Varying Temperaturo.— The assay after the n«Mi- 
tion of the pfjUks.sic iodide must bo kept cold, else itxline m.av l>e 
voiatiiuu'd. 

Effect of Vanring Potaaaium Iodide. - In various descHp- 
Uons of the procasis the amount of irxlide ri'cpunwl is variously 
stated at from “a f 40 v rtysuls” to ms much ms 10 grams. Tlx 
proportion required by theory for 1 gnim of C4)|<|)er i.s a little over 
5 grams: an ©xccw, however, is reqtiired to keep the in»erated 
iodine in solution. ()n economic grounds thisexcess should not l>e 
extravagant; if the student uw\s 10 parts of the irwlitle for wich 
port of copfHjr in the assay he will have sufficient. In the experi- 
ments there were used 20 c.c. of the cop|ier sulpliate, with varjing 
unounU of potaadc iinlide, and the following reeutU were got 

PotAMic iodide added , • i-S graia 3 grams 5 grams 

** Hypo” required . . lao&o. ao.oaa 20.0 c.a 

In theea the iodide wim added direct to the solution containing 
tiie copper, which wm a/torwarda diluted U> 100 CdO. and titrated. 
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In another eeries the iodide waa added after the dilution to 
1 00 C.C., and the reunite were : — 

Pota-ssif! iodide added 1.5 gram 3 gramas 5 grams 10 grams 

“ Hypo" required . aoo c-c. 20.1 20.0 c.c. 20-ocx. 

Effect of Varying Bulk.— In tliese experimcMits, 20 c.c. of 
eop|>or sulphate were Ukci], 3 grams of pot^issic irxiide added, and 
i\\M) water to the reijuircil bulk, 

IJulk .... 20.0 c.c. 100,0 c.c. 200.0 c.c. 5000 c.c. 

H}qx>" required . 20.0 „ 20,0 „ 20.0 „ 19 9 

In the lust of these eif>erimcnts the colour was discharged at 
18 C.C., but gni dually returned until 19.9 c.c, had been run in. It 
will lie Seen that (^n-^idcrable variation in bulk does not interfere. 

Effect of Acetic Acid.— The.^io exjieriinentH were like the 
IjLst w.*ries mentioned, but the bulk wits 100 c.c,, and vMying 
amounts of acetic acid were added. 

Acetic acid added , 0 c.c. I.OC.C. 5.OC.C. lo.o c c- 20.0 C.C. 

“Hyjvj” recjuiicd . 20.0 „ 20.1 20.1 „ 20,0 „ 20.2 „ 

At'Cilc arid, then, does not interfere to any serious extent. 

Effect of Varying Sodium Acetate. — Tlu^ exjierimenta 
were like those ht’it mentioned, but without acetic acid, and with 
varying amounts of s<Mlium acetate. 

Sotlium arruite addo«l . o grain I gram 2 grams 5 grams 10 grams 
“Hypo '* rtqulnd . . 20.0 c.c. 200 c.c. 202 c.c_ 19.3 c.c. 18.2 c.c. 

In the 5 grams experiment, when the finishing point had been 
appanmtly rcsudied thv colour slowly rtnurmnl ; but as the results 
generally on titrding wen* not satLshictory a rejKdition of the ex- 
|H“rimeut was made w ith the addition of 5 c.c. of acetic acid, which 
gave nn equally l«»d result. 

Effect of Foreign Salts. — The conditions of these eiperm. ?nts 
were the same us Udore, The salts w ere added and dls^solved be- 
fore the addition of the [>otassiuni iodide. Using 5 grams (or in 
the case of the acids, 5 c.c.), the itsuIU w’ere as follows : — 

dilute Acetic 

Salt added . — acid NaAc NaCl 

" Hypo " rcquircil 30.000. 20oc.c. 20. 1 cc. 19.30.0. 2aic,0. 

Salt added . . KNO, N,a^SO^ AmCI Amj 80 , 

“ Hypo " reqalrcd 20.3 c.c. 18.70.0. 20.0C.C. 19.90.C.. 

The low result with the sulphate of soda was evidently due to 
the formation of a sjiaringty soluble double salt, which removed 
<Mpper from the solution ; on adding a little acetic acid the full 
^ount of ** hypo’' was required. The effect of the presence cl 
c^taiu metals is important. The method of determining it wie 
to add the subetenoe to the aolotkm oontaining the ooppm*, and 
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jMkjrify fKredjaUt^i with soda aolation ; then trvnting with r <xa 
of wetic tdU, adding tlie iodide, and proceeding before. 

SatMUnr* AddinL " ll;pa ** Kdqoir^d. 

ao.o o.a 

ao5o gram arsenic as As,0, . , , . aao „ 

ao5o „ antinionv ns * , . 10.8 „ 

ao5o n leaii as rb[NO,), . , . , 3 ai „ 

A Krmilar ex(>enment with 0.050 gram of bisniutli nitrate could 
not be determined, the end-reaction Udng nia.sked. Bh^muUi iodide 
in soluble in potaanio iodide, forming a brown solution, tbe colour of 
which b very similar to that produced by iodine ; and although 
it does not strike a blue colour «ith starch, byi>o” has an action 
on it 

A similar e:c[)eriment with 0.050 gram of iron a.s ferric chloride 
required 23.3 c.c. of hy])o,” and the colour returned on standing. 
ThU shows that ferric acetate liberjites iodine uinler the conditions 
of the assay. Imng to counteract thb, by abiding to a similar 
solution 0.5 grain of phosphate of M)da dissolvwl in a little 
water, 19.7 c.c. of ^^hypo” were required instead of 20.0, but the 
assay showed signs of returning colour. 

In Standardising, the same result was obtaine<l, whether the 
copper was pn*s**nt as nitrate or sulplmte U*foro neutralising. 

]^ect of Varying Copper. — With liio .same conditions as 
before, but with vaiying amounts of txippt'r and a proportionally 
incroiuing quantity of i^slide, the resulU were : — 

Copper present . 1,0 c.c. lao c c, 2ao c.c. 50.0 c,c. loao c.c. 

required . i.o „ lao „ 200 .. 50.0 „ 100,0 « 

ahowing the r<*suUs to l>e exaHly j iT)|s)rtional.* 

Detonnination of Coppor in Coppor Pyritoa.— Take 2 
grams of the <h>*d and |K)W{ierf<i ore and tniit in a jwiwlain dbh 
with 20 c.c. of nitric m ifl, and evafiomte to dryness. Take up with 
30 c.c. of hydrochloric acid, dilute, and transfer to a pint flask ; make 
up with water to 200 c.c., warm, and |jass Hulphurett<Ml hydnigen 
to excess. Filter, and wa*^!! the |)rtH i|>itate with water adtUfi<d 
with sulphuric add. Wash the pn'dpitate Ixick into tho fliisk, 
and dissolve with 15 c.c. of nitric arid. }^'a|>orate almOst to dry- 
ness ; add 20 c.c. of water, and l>oil Ull free from nitrous fumes ; 
filter off the sulphur and ganguo ; ncutmliso with soda, avoiding 
excess ; add 1 or i c.c. of acetic add, and slmko till clear. Add 5 

E of potassium iodide, dilute to loo e.c., and titrate. The fol- 
j is an example 

^ gram of copper required . • . $0.$ 0.0. ** hypo,* 

Tm SMsy required .... 55.6 ^ n 

whkdi is equal to 27.5 per cent, of copper. 

* For fonher Information, »«« Anpefidlx B., aad a paper by J. W. West* 
Jomrmd ^lAe decMfy CArened /adaelry, voL v* js 4^ 
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COLOBIMETRIC PBOOBS8. 

ThI/i is bfl^ on tlio bine colonition of ammoniacal copper 
solutions. The quantity of copper in looc.c.of the assay solution 
sliould not 1)0 moi*o tlian 15 milligi-amK, or less than half a milU> 
^rram. It is not so tlelicute as most other colorimetric methods, 
but noverthejess is a very useful one. 

The manner of working is the same as that described under 
iron. 

Standard Copper Solution, — Weigh up 0.5 gram of electro* 
ty{)e copper, dissolve in 10 c,c. of nitric acid, boil off nitrous fumes, 
and dilute to i litre. 1 c.c. = 0.5 millignim. 

In nearly all oisi*s it will Ik* nwessjiry to separate the «)pper 
with sulphurettwi hydnjgen fiTJUj a solution of al>out 5 grams of the 
material to be fts-nye<l. The tiller pfjor containing the sulphide 
{and, pnjlKibly, much sulphur) is dried and burnt. The ashes are 
dissolved in 5 e.c, of dilute nitric acid, 10 c.c. of dilute ammonia 
ndde<l, and the solution tiltenvi t)i rough a eoai*se filter into a 
Nessler tulM?, washing the juper with n little dilute ammonia. 

The estimaliiin of the colour and calculation of the result are 
made in the way destu’ilHnl on page 44. 

The efft*et of v;irving ( omlitions on the assay may be seen from 
the following experim* iits. 

Effect of Varying Tompernturo.— The effect of incimsed 
tein|>eratvim is to slightly vh.H'n>;tso the colotir, but this can only 
b(‘ observed when :i fair <pi.antity of copj>er is present, 

I.o c,c, nt 15* the cohmr of i.o c,c. al 70* 


2-5 

H .. 2.7 

V 

50 

„ „ 50 


lo.o 

« .. 90 

r. 


Effect of Varying Ammonia.— The solution must, of course, 
contain free nmmouia ; alwut 5 c.c. of dilute ammonia in 50 c.c. 
bulk is tlio quantity to l)e iLsed in the exjieri moots. A lai^r 
fpiiujtity nffwts the results, giving lower readings and altering 
the tint. With small qimntitics of am monh the colour approaches 
a violet ; with larger, a sky -blue. 

3.< C.C. with 2K C.C. of stroDg ammonia road 2.2 c.0. 

yo » „ M 4*0 M 

too „ M .. H M &o M 

Eflfbot of Ammonio Salts. — ^The following table shows the 
after addition of ammonic salts : — 
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CLaPmeiU, 

1 

With 10 $mm)i 
Anmi>it>ic Nitrate, 

WlUi 10 rrami 
AmtiwnU- Chloride. 

j with 10 

1 Ani'iiutiiij SuIpbaK. 

as 

a^S 

a.S 

j 

5.0 

50 , 1 

5‘3 

! A} 

lao 

10.0 

10,0 

= S.5 


These show that sulphatos shoiiM Iw avoit!o<i, ami either nitrate 
or chloride solutions be used in the standard as well as in the 
a&say. 

Determination of Copper in a Hanganoso Oro.— Ti*eat j 
grams of the oiti with ?o c e. of hydrfM'idorio aci<l, and eva|M>rato 
to dryness. Take up with lo c.c. of hydrochloric acid; dilate to 
aljout 200 c.c,, and jMi.ss sidphun^ttcd hydrop*n until the solution 
smells of the gas : litter, burn, take up witli 5 c c. of dilute nitric 
acid, add 10 c.c. of dilute ammonia, and tilter into the Xes,sl<>r 
tiil)e, and make up with tlie wiLshiogs to 50 c.c. Into the '‘.stand- 
anl’’ tuU> ])Mt 5 c.c. of dilute nitric acid and 10 c.c, of dilute 
ammotdi. Make up to nearly 50 c.c, with water, and run in the 
standaiil (y>pj'er until the ivdooi-s ani' etjual. To a deterininati»»tk 
4 c.c. ( = 2.0 milligmm.s of copper) wen* n*<juinHl ; this in 3 grams 
of ore “ 0.07 jwT rent. 

Determination of Copper in “Black Tin."— Weigh up 3 
granjH of the dned ore, U»il w'ith 10 c.c, of hydn>chloric acid, jukI 
afterwards add i c.c. of nitric; Uni off nitron.^ fume.-, evapfinue 
to alx^ut 5 C.C., ddutc to 50 r,c.. adi| 20 c.c. of ilihite .ammonia; 
stir, and tilter. If much irnn U jirr.M-nt. dis.<*ilve the predpitale of 
ferric hydrate in arhl. .and reprecipitate with amiiuuu’m Mix the 
two tiltrates, and dilute to too c,r. Take 50 c.c, for the test. A 
sample of 3 gram.s of an ore lri*ated in thi.s way rwpiired 5.2 c.c, 
of standani cop|i<‘r lo produeo wjuality of tint. This give;* 0.35 
per cent. 

Determination of Copper in Tin.— Weigh up i gram of 
the sample^ tran.-fer to an evaporating dish, and cover with 30 c.c. 
of aqua regia. Warm until the metal has duwolvwl, then eva- 
porate aJmOfit to dryne?yj. Take up with A fow c.c, of bydn>* 
chloric acid and again evaporate. 

Dissolve the itsddue in 10 c.c. of dilute hydrochloric acid and 
tran.'^fer to a too c.c, ( 1 a.*ik. Add 10 C-C, of dilute atnmouta and 
make up with water to the containing mark. 

Fdter off 50 c.c. of the solution into a NeBsier glass and deter 
mine the copper in it coloriinetrically. 
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Very pure copper can be obtaineil in coitjuierce, owing to the 
demand for metiil of “ high conductivity ” for electrical purposes, 
which practically means tor metal frea from impurities. 

Much of the metal sold contains as much as one per cent, 
of foreign substances, of which arsenic is the most important. 
The other elements to l>e looked for are bismuth, lead, antimony, 
silver, gold, iron, nickel, cobalt, sulphur, and o.wgen. In “ blister 
(“opper" (which is the unrefined metal), aluminium, silicon, and 
phosphorus may be met with. 

Oxygen.— All commercial copper carries oxygon ; most of 
it is present as cuprous oxide, w’hich is dihsolved by molten 
copf>er. I'lie estimation of oxygon is often made “ by differ- 
ence.'* The copper and the other impunties lx*ing deter- 
n fined, the rest is assumed to be oxygen. Prcluibly this is 
nearly correct, but the wdiole of the oxygen should not be 
:w.'rii>ed to cuprous oxide ; f^r any arsenic the metal contained 
would be present as cuprous arsenite, siiice arsenide of 
eop|)er and cupr^ius oxide could not exist together at the 
tem(x^rature of fusion without interacting. In the report 
of the analysts, it M best to state the proportion of 
oxygen thus : — 

0.xygen per cent, by difft-rencc. 

There is a met hod of determination by fusing 5 or 10 
grams in a bi'iL'^jiHxl crucible, and counting the loss as 
o.xygen ; and another metbo<l for the <ietermi nation of cu- 
prous oxide U’lSiHi on the rt'aciion of this gubstiince with nitnile 
of silver.* Alxiut 2 pr.uns of silver nitrate, dis.solved in 100 
c.c. of water, is allowe4| to act tijKm l gram of the copper in 
the Cold. Tlie pnripitate is fiiten^d off, wiL-^hed thorougiily 
with w'ater, and the i>:isic salt dissolved and determines! colori- 
metrieally. 

One part of copper fotind r('pr<*sent8 i.6S part of cuprous 
oxide, or 0.19 part of oxygen. Copper generally carries fi^om 
0. 1 to 0,2 cent, of oxygen. 

Silver U found in ino^t samples, but occurs in variable propor- 
tions ; when it amounts to 30 (mnees pr ton it has a commercial 
value. To determine its amount, dis'^dve 10 grams of the copper 
iti .^5 C.C. of nitric acid and 50 c.c. of water, boil off nitrou.^fumea, 
end dilute to about 100 c.c. One or two c.c. of dilute hydro* 
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ehlorie md (one to loo of water) are added^ etirred in, and the 
precipitate allowed to settle for twenty-four hours. Filter throu^'h 
a double Swedish paper, dry, burn, and cupel the otdioa with otid 
grain of sheet lead. 

Ten grams of a sample of copper gave in this way 4.7 milligraiu-! 
of silver. Ten grams of the sjime copper, to wliich 24 millignuiuj 
of silver had been nddctl gave 38 3 luilligmuis. 

Gold.— To determine it, dissolve 10, 30, or 50 grams of tiis 
sample in 35, 70, or 175 c.c, of nitric acid and an c«(|ual volume of 
water, boil till fn^e from nitrous fumes, and tlilute to dtmblo its 
volume. Allow to stand for some time, dt-nint on to a biter, di*}'^ 
bum, and cupel the ashes with i gnmi of shoot Knid. If silver is 
present, ouing to tnices of chloriiles in the lo-agonU UfS-d, 
“ part i n g " will lu ct -.v^i r y . { See 6’oA /. ) 

Working in this way on 30 gmms of copper, to which 1.8 mil- 
ligram of gold had bc'cn added, a button weighing 2.0 milllginuis 
was 

Antimony is not a frtHjnent irnjnjriiyof it can le 

deteitn! in ijuantitirs over o.i ptr o nt. byawiuu* t^sidue .f 
»5bjO^, ins4>luble in nitric acid, Witfj in iti-rial contuirsing nnls' 
smalt (pmnlitics of antimony the whitr oxi*le d^ijs not show its* If 
for some time, but on long t'ciUinmnl Isuling it sepiiniteff as a lint* 
pwtler. U is ficst (when lookingfor it) to cva|>oi*ate the nitnc 
add Sidution to the cty'stallisirig to add a little fn-^li nitric 

add and water, atjd then to lilter oil' tlm pri*<'ipilate. Aftir 
weighing it should (»e exnmintai for arse nic and ItiMiuith. 

Load.— H ebncfi copjiers are often fre*’ from lead, anythin,:! 
more than trams Inirg seldom found ; in coiinso coppers it i« some- 
times pre«<*nt in oonsulemblo qu.antitie#. 

Its pr^^'Uce may l*edetect<Hi in the estimation of the cop[H»r ekts 
trolytically. the platinum spiml becToming rt*»te<l with a brown < r 
black dep<j!sit of lead dioxide. The depth of colour varies with the 
lead present, anrl obviously Cfjuld Iw madi* iUo Uisis of an approxi- 
mate estimation, Tim cohuir shows itse lf within an hour tw so, 
but is licsit oU^ rv* d when all the copp»‘r has been deposited, 

Electndping a solution of one gnun of purecopjier, to w hich 0,5 
miliigrum of hml bad U‘<*n ad^le*!, the dejcisit was dark brown ; 
in a similar sfdution wit h i millignmi of h-a«l it was much tlaih'T, 
and with 3 milligrams it was black- Under the c^mditions of thti 
aiway tlie dioxide ('sinnoL lie wdghe<l, as it {lattly dissolv<^ eit 
bimking the current. When lead lias U‘in fouml, its quantity 
may be esttmateti by evaporating to drynuM tho nitric lui'l 
ioiuyon to which an excess of sulphuric add Ims tieen addd, 
Inking up with water, and filtering ofif and weighing the liwd 
ettlpb^ 
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The separation of traces of lead as chromate is s fairly good 
one. Dissolve 5 grams of the copper in 1 7 c.c. of nitric acid and 
an equal volume of water ; boil oflf nitrous fumes, neutralise with 
Boda, and afterwards acidulate with acetic acid; and dilute to a 
litre. Add 20 grams of sodium acetate, warm, and precipitate 
the lead with a dilute solution of poUssium chromate. Copper 
chromate (yellow) may be at the same time thrown down, but it 
is readily soluble on diluting. Filter off tbe precipitate; w'ash it 
into a bilker and pass sulphurette<l hydrogen; oxidise the sul- 
phide and weigii ns lead sulphate. Treated in this way 5 grams 
of copper yiehUsl sulplmle of lead equal to 2.0 milligrams of lead. 
Five grams of the siime jwirnple to which 10 milligrams of lead 
were addetl gave 1 1.4 milligrajiis. 

Nickel and Cobalt. — Nickrl is always present in larger or 
smaller qiumtities in commercial coppwpr, and, perhaps, has an 
influence on tlie pit qx*i ties of tlse metal. It is determined as 
follows : -I)i>solvc 10 gnims (/f the in 35 c c. of nitric 

acid and sm ttpiul hulk of water, lx*il off nitrous fumes and 
neutral iM* wit h s^sla, jidil 2 grams of (Sirlxaiate of Sfida tlissolved 
in water, IkjiI, and tilter. Acidify the filtrate with 2 or 3 c.c. of 
dilute nitric acid and <hhitc to i or i| litres. Fiiks sulphuretted 
hydn>gen through the cold sedution till the copper is all down anti 
the liquid smells of the pvs. Filter and eva{>orate the liltmte to 
a small bulk, and det^-rndne the nickel by e)i*ctrolysing the 
solution rtMuleml ammonianil, or by pnvipitating as sulphide 
and weighing as .sulphate. (S:*c under Sichl.) The precipitate, 
after weighing, should U* U*>Uh\ for txdxdt. If prt*.sent it is 
separated with |Kttassiuiij nitrite as descrilHHl under {'(AhiU. Ten 
grams of copjK*r gave 6.0 uiillignims of nickel ; and another lot 
of 10 grams of the Kame cop|HT. to which 10.0 milligrams of 
nickel had Uvn addetl, gave 17.2 milligrims. 

Sulphur.— The nuiount of 8ul[>hur in iTtinetl tMpjier is verj* 
small, seldom excctxiing 0.005 jvr cent. In coarse a>p[>er, as 
might be exiiectetl, it i.s found in larger (piantities. 

Jd determining it, it h* first converted into sulphuric acid, 
and tlien pn'cipilate^i and weighwl ,-vs barium sulphate. The pre- 
cipitation cannot be efft>cted from a nitric acid solution. Ten 
gtiunsof copjier are dUwdvtHl in nitric acid, as for the other deter- 
minations, and then hoiliMl w ilh excess of hydnwhloric arid till 
the nitric acid is completely ro moved. There is then juUIihI a few 
drops a dduto solution of l>aric chloride, and the solution is 
allowed to stand for aomo hours. The lioric sulphate is filt^ed 
off and weighed. 

Tbe neceesity for precipitating from a hydrochloric add solution 
ii Be«ai from following determinations. In eu:h experiment 
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10 grams of copper used, and a known weight of sulphur, 
uz the form of oopf)er sulphate, addoil. 


8at{ihur 

Sulfthur foitn<1 in lirilro* 
ctilrtflc .Sell] StiiulluU. 

Buirimr ftiund ta KUrte 
Adil Muliua. 

5 miHigmins 

8 miUignuna 

0.03 milligmnui 

10 

11 

ao3 „ 

>5 

*7 

12.UO „ 


Bismuth —Xearly all siniples of oopjKT (*imtain bismuth, 
but only in rtmall quautities. It is Ixcst tb torniim tl Culurimolnailly 
as descrilH-Hl untliT Ilismuth. The mHlunl of cnuuvulniting niul 
preparing the sulutiuii for ('olorimetrie ii.'^siiy is ns follows. Ui,v- 
Sidve lo gnuus of coppT in nitric acid, as in the other deter- 
minations; ncutrdise with so<Ia ; add i otr 1.5 grains of himr- 
bonate of sot la and Ixdl ft>r ten minutes ; filter, dis^dvo tho pre- 
cipitate in hot ililute sul{>hurie arid ; add MiljdiUhms acid arid 
jH^taMium itsiide in ex<vs.N, atai IhuI till free from iotline. Kilter 
and dilute to 500 c.«\ Take 50 ca\ of I ho yelltov solution fur 
tho determinatifin. A few c.c. of a thiuli* solution uf sulphurous 
acid (I in ico) vvill prevtuit the lils-iatnui of irKline. The ffillow- 
ing ex|>*‘i irncnts t«>t the methotl <»f s+'it^iratinn. Ten grams of 
coppci ^vero tirattni :is aliove and jms:dpitatetl with 1.5 grim of 
“fiotLa;'" the pr^sipitate esmtainod 0.6 milligram of bisintiih 
( = 0.006 jKTceut.). The filtrate triuNsl with nnollo r 1.5 gram of 
**soda” gave a pn^ ipitate wliich wnii fiasi from bisiinith. To the 
Hltnito frui) this Wits addfd 1.0 milHiuam of hisinuth, and 
another fntetion was prceipitaUsl with I.5 grain of ** siMla.” In 
this prisfipitate was found ro milligram f>f bninutln Tj the 
tiltrate another milligmin of bismuth w;ui addisj and the separation 
with “soda'’ r*'j>eiited. The bismiitii was se]mnii<s| from this 
precipitate with am monte curls^nate Ufotv determination, and 
0.9 milligram was found. 

ArBonic.— The proportion of arwenic in eopj^'t %‘aries from 
0.0 1 to 0.75 pf*r jsi ut, whilst in coarse copper it may amount to 
2 or even 3 jst ts-nt. To determine it, di-soire 5, to, or 30 gram^ 
of the copfar ^according to the amount of arM*nic pnwui) in 
1 8 C.C., 35 c.r., or 70 ex. <»f nitnc add, and an <H|ua| rolume < ( 
water. Boil off the niin>us fumes, dilute to 100 c.c. and netitra* 
lijMB with sewb ; ad*! 1.5 or 2 gnitmt of cnrlxmato of soda disKilvcsl 
in a little water, and Irdl. Kilter (washing is unneticftwiry) and 
dtseolve hock into the flask with a little dilute hydnxiiloric acid ; 
Add C4J. of dilute ammonia and 25 ex. of “ magne«ia mixture,” 
A2id 4 )ow to atand ovemighL Tito wlndo of the Amcntc ii pr^ 
djdtAted Ai Aomumie-mAgcesic Ameoate in ooe hour, but it i* 
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•dviflable to Imve it longer. The precipitate may be dried and 
weighed, or, better, titrated with uranium acetate. (See Anenie.) 
To test this method of septimtiau 10 grams of pure copper were 
taken and O-200 gram of arstriic diK«olved with it. The 
arsenic was determined by titration with uranium acetate, and 
0.200 gram W!i« found. Two other similar ex|>eriment8 with 0.080 
and o.oiogram of arsenic added, gave 0.079 0.012 gram re- 

spectively. 

Antimony or bismuth may bo present wutbout interfering with 
the titration. With o.ioo gram of antimony and 0.100 gram of 
arsenic, 0.100 gram of arsenic was found; and in another case, 
with 0.100 gram of l>binuth and 0.060 grfiin of arsenic, 0.060 gram 
was found. In these cxferiments the antimony and bismuth 
were present in the aswiy solution when titrated. For a gravi- 
metric determination they would ref|uire to be removed before 
precipitating with “ magnej^ia iiji.\ture." 

Phosph«*rus, if prcs<*nt, lounts jis arsenic in the prt»portion of 
I to 2.4; but, except in tlie cm^ of coarse coppers, it is always 
absent* 

Iron, if present, iut<'ifciv.s by forming a white floccident pre- 
dpiUite of ferric .arsenate after the addition of the soilium acetate 
and prelim iimry to the titration. Kach milligram of iron aljstracte, 
in this w:ty, 1,5 milligrams of ai'senic. 

Iron. Hell ned txjppers carry tnu^s of iron, varjiug from 
0.001 to 0.0 1 per wnt. It is Ih*s 1 detenninod during the arsenic 
estimation. The precipitato of the anunonie magnesic ai^nate 
will contain the whole of the irrm as ferric hydrate. On dLssolv- 
ing in hydrochloric acid, ncutmlising with ammonia, adding 5 c,c. 
of 80<lic acetate, dihiting. and lK>iliiig, it reapi^ears as a white 
precipitate of ferric arsenate. It is liltere<l otT (the ai>enic being 
estimated in Ilje tiltrsti'i, disscdvcHl in warm hydrochloric add, 
and determined colorijm timlly a.K <l€sicriUHi under Iron. A series 
of experiments testing the m«} mirat ion is tlicre given. 

Phosphorus. — liefiiuHl tt)p{HU> do tiot cany’ phosphorus, 
although it may be preMud in “ (vvitrse (^i]>per up to i per cent, or 
tnort*. In sticb sjimplos the hdlowing lurthod is adopter! for the 
estimation of lioth phosp horus and ar>ruic. l)tssolve lo grams 
of cop|)er and 0.1, 0.2, or 0.3 gtwm *»! iron wiit!! (aoconling to 
the amount of ai>cnic and plu^spliorus pKM’nt) in 35 c.c. of nitric 
and an ©ptal volume of water. Add till the free acid 
ts n^udy neutmlisci!. Next add a .stjtjiig soltiiion of sodium 
^tate, unUi the solution ceases to darken on further addition, 
then dilute with water to half a litre. The solulion is be.st oon- 
l^®d in a large beaker; it is next heated to the Ixiiling point, 
at oiuj» 'emoved and allowed to settle. If the precipitate is 

o 
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light coioiiztH) it Is eviilence that sufficient iron has not boen 
auded, or, if it is green, from basic copper sidts, it ehows that the 
solution ^\1\s not sullinently acid, in either sUirt afresh. 
Filter ofl' the pret'ipiute and wash with hot water containing 
a little ikxliitm aw'tate, dissolve it off the filter with hot dilute 
hydrochloric acid, add ammonia in exivss, and pass sulphtiretted 
hydrogen for five minutes. Wann at a Unit 70* 0 . for a quarUr 
of an hour. Filter. The chur yellow tiltnde conhiina tl)o 
arsenic and phwpiiorns. Adil dilute Hulphuriu a4“id in excess; 
fikerotrihe yi ijow pmipitate of sulphide of ai'senie, dissolve it 
in nitric acid, and titiuto with ui'aniuui atvtate, as described uiulet 
Arituic. 

The tiltrate fn,)ni the sulpinde <if annune U rendered alkaline 
with ammonia and *’ magne>i;k mixUue ’* addvtl. The Kolutitm is 
stiireih and allowed t<i stand uViTUiglit. Tl»u piveipitale (d 
ammoiiir-niagiu'sic pluKsphale is tillert-^i oil’, dissolved, and titnitrd 
with umniuin lU'Clatt*, n?'ii>g the wime standard solution scs i- 
use^l in tlie arsenic xssiiy ; 0.5 of arMUiic wpiuls 0.207 gtuni 
of phospinu'us. 

Copper. Tfio nu^tled of detenninlng this has been des<Til»od 
under A 7 <i:/rr>/vf<V 

In tia* meih'Mi of mm-entnition by fmctifuial )*n‘cipiution with 
aodic earlxmaie (^vhich is ad^pUsl in <»f tbr-M- det<-nninnlioti>) 
the preeipit.ate will all thr iusuouh, iron, and alumin.a ; 

the ai>* ntr ami pin»pliot us as cupric arv^ nate aiel plufsphate ; and 
the [«irl (>f tlse 11 * 401 , antimony, and silver. The tin kri 

and roUdt, and tie? sulphur as Kulphurir av-id, will ivmain in 
volution with the gr»'iiter jwrt of the t*opj*er. 

ritACilCAL r.XKUCl.*^KA 

I. Accerdir;: to a »i ? 3 pnms of a o rtaio orf w)nt.ibed a 

of would you expei the dry ptu.l.jc? 

to li»' * 

a A standard Ir-Uor, U made hr di^io’virg 25 grains of 

rjaj ah ai d rijlutiiv' to a ittrr. Axsomiog tl»e wit n* Vhp*>S]"f 
Ct r.t. n ai ..-i.^dc. wou! 1 ka^c.c. of theindutua) tseisjunA- 
lent to in c' o* ^ of '''*| ’p-r ? 

3. Howwo?4My If ako a Mdatum of *' hyp> ’’ of nach strength 

100 r.r, sla'ii rvjual 0/65^ teasij of ropi^^^r ? 

4. Vhjit we ight of «>re. c* ntaiinng 17.0 p f root, of cnpp*r. wonM y u 

take [n opief to got aixmt o-S cram of coij!«r In vohuioti i?‘f 
ftlectfolysU ? 

5. The »ol«ii«n cf Of»pprT in nitric acid In effcci4si! by Ibo foUowii^S 

reaction 

3C11 + gliso. = ,^a(Soa + 4H,0 + iNO. 

Whst toIbbc of nitfk »itS u* rajuitol lu Uinulv* ■ gnu « 

MffWt 
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LEAB. 

The chief ore of lead is galuna, a sulphide of lead, common in 
most mining districts, and frequently aKsochited with blende and 
copper-pyrites. ltalwa}"s carries more or less silver; so that in 
the assay of the ore a silver detennirmlion is alwa3^s neces.sary. 
Carbonate (cerusi^ito), sulphate (anglesite), and phospliate (pyro- 
morphite) of lead also occur as ores, but in much smaller 
quantities. 

Lead ort‘s are easily concentmted (owing to their high specific 
gravity, A*c.) by mechanital operations, so that the mineral matter 
lent to the smelter is coni[«amtively pure. 

Leiid is readily soluble in dilute nitric acid. The addition of 
sulphuric acid to this solution throws down heavj', white, and 
insoluble lead sulphate. 

Galena is Riluble in hot hydrochloric acid, sulphuretted hydrogen 
being evolved ; Init the action is letanle*! by the sepiiration of the 
staringly Nohible lead chloride. If a rod of zinc is placed in this 
polutioii, metallic lead is prrsLipitated on it as a spongy mass, the 
leafl cliloride U-ing decompcR^'d as fust as it is formed. The 
ojHuiing up of the ore is thus easily elfected, the sulphur going 
olf as .sulphimiied Iiydrogen, and ilie lead remaining in a 
form ea.sily soluble in dilute nitric acid. Galena itself is readily 
atUu-keii by nitric acid, part of the lead ^ ing into solution, 
and the rest remaining us inRilublo lead sulph..te. Tlie sulphate 
is due to the oxid.ation of the sulphur by nitric acid ; its amount 
will t^ary with the quuiitity and conduit ration of the add used. 
Sulphate of lead is R>luble in solutions of ammimium or sodium 
Rotate; or it may l»o converted into (sirbonate by iKiiling with 
rnrhonate of sckl.-u The Ckrlvuiute, after washing off the sulphate 
of soda, diK^olves t^sily in nitric acid. The pn-dpitalion of lead 
from add .solutions with sulphuric ad<l, and the soluldlity of the 
precipitate in ammonium acetate, dUtinguislies it from all other 
metals. Tlie addition of jxitus-ium cluxunafe to the acetate «olu- 
tioQ reptecipitates the lesid os a yellow rlmnuute. 

DBY ASSAY. 

The dry assay of lead is largely u.rs 1, but it is only applies Me 
to rich or oonceiitrated ores, and even with these only gives 
&p]>rodmato results. Both load and le;td sulphide are sensibly 
vohitilo at a moderately high tempruture ; hence it b necessity 
^ obtain a slag which is eodty fusible. As a reducing agent iron 
u almost idwaw used, and t^ is added either in the form of an 
rod, or the crucible ite^ is made of this metaL The flux 
^iioarbooatoerioda. 
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Wb«& » day crucible b used, the method of working b as 
Vdlowa: — ^Weigh up grams of the dry and powdered ore, mir 
Irith an equal weight of “ soda” and 2 grams ol Urt^j place in 
a crucible (E. Battei>ea round), and then insert a piece of iron 
rod about half an inch in diameter, and of such a length that it 
will just allow the crucible to bo covered. The rod should lie 
pushed down so na to touch the bottom of the cnidble, and the 
muturo should be coveml with a sprinkling of bonu. Place in a 
furnace heated to, but not above, rtnlness, and cover the cnicible. 
In abcmt twenty minutes the charge will be fusevi : the fusion is 
complete when bubbles of gas are no longer being evolved ; ami 
then, but not till then, the iron b withdrawn, any adhering buttons 
of lead being wiishe^l olf bv dipping the nxl a few times in ilie 
slag. Cover the crucible, Iwivo it for a mitnite or two, and tin n 
pour. Detach the slag, when cold, by haiiimering. The weight 
of the button multiplied by 4 gives the peit‘tMitago. The c»uii- 
Djoner errore of students in working the pnxuss are too high a 
tempcriiture and too quick a withdmwal. 

A sample of ore Ireatetl in thb manner gave on dupliciite m<iy 
17.5 and 17.6 griims (if lead, etjuallmg 70.0 and 70.4 per (vnt, 
respectively. By wet assiiv tlic sample gave 73*3 I**’** b>ii(g 

an iron crucible, the results will lie 1 |x'r cciit. or so higher. The 
crucible must be in.ade of wnnight Irtm : and, if it has Wn pn- 
viously Uised, should la* (di^'uns:! by heating to dull rwliM'ss arnl 
acraping the scale off witlj a stirrer. Take 3® gr!»ma of the otv, 
mix with 30 grains of and 3 grams of tartar; put the 

mixture in the crucibb-, and cover with a sprinkling of bomx; 
heat for about twmty minuti's at not bsi higli a tempenUure, 
and then scni|JO (btwn the slag adhering to the aide with a 
Btirrer, Leave in the funmeo till action haa ceased. Bcbtre 
pouring, tap the pot g«*ntly, and tln n tilt it so a» to make the 
slag wash over I lie part of the crucible along which the charge is 
to be poured. Pour ; and, when cold, clean and weigh the butum 

met^. A crucible may lie used fniSa ten to twenty times. 

These assays are for ores c^mtainiug the lend chiefly as sul- 
phide. For oxidised ores, chan^il or tartar b employwl as the 
reducing agent. Tlie student irniy practise on ml lend as fob 
lows:— Take 30 gnims of nd IcjwI ; mix with lo graiUH each of 
borax and “wida ’ and abait 1.5 gtnni of uiwdereil charcoal ; pho^ 
Vi a n&all clay crucible with a cover iJaUersea round), d 
a mUe beat, and pour when action ceases. This assay will only 
tab a few minutes. 

Whm lead is present as pbo^iata fas in the caae of pr^ 
Monliita), or mixed with phempbatoi (as ecnitetimes bawensh 
cBthgiiaU of iofkt it a sttitaide flax; but Um pho^hate of 
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which Ib formed makes a thick tenacioos slag, which is very apt 
to be carn^ out of the pot by the escaping gas. A wide-mouth 
clay pot w token and a little duor spar wided. For the assay of 
pyromorphite the following charge may he used Ore, 20 gram • 
'^soda, 25 grams; tartar, 7 grams; and fluor spar, 5 grams: and 
2 gmms of ^rax as a cover. This will melt down in about ten 
minutes, and should be poured us soon os tranquil. 


WET ASSAY. 

In the CMe <rf galena, the beet method of getting the lead into 
solution IS to treat with hydrochloric acid and sine. Put i gram 
of the ore in an evaporating dish 4 inches across, and cover with 
10 c.c. of dilute hydrochlonc acid. Heat till the evolution of 
sulphuretted hydrogen becomes sluggLsh, and then drop in a piece 
of zinc rod. If the solution efferve^^s too strongly, dilute it. 
Continue the heating until the sulpliide is seen to be all dissolved* 
pour off the liquid and wash twice with cold water. Peel off the 
precipitated lea<l with the help of a glns.s rod, and then clean the 
imc. Cover tlie lend with jo c.c. of water and 5 c.c. of dUute 
mine acid, and heat gently till dissolved; all the lead will be in 
solution, and, when liltered off from the gangue, will be ready for 
a gTBvimetrio determination. For volumetric work this hltering 
IS unnecessary. Pure zinc should be used for this purpose; the 
ordinaiy metal contains lead, and although its amount may be 
detenmned and allowed for, the correction requiretl is largo. 

Galena may be diKsolve<l in hydrochloric acid wthout difficulty 
under proper conditions. One gram of the tlnely powdered 
min^ trmted with 40 c.c. of dilute hydrochloric acid and 
heated 80 that the boiling is nrcomplLshed very gently will dissolve 
^ \ ^ solution. With excessive evaporation lead chloride 

cr^Wusea out and the attack on the galena becomes sluggish. 

Iheoremay be openwl up by the following method, which leaves 
^e lead m the form of sulphrite. Weigh up i gvum of the finely 
powdered and pl^ it in an 8 oz. flask: add a mixture of 
5 C.C. Mch of aulphuric and nitric acids : boil off the nitric acid. 
V ^ 70 c of water, boil, allow to settle and pour 

j*l®**^ through a small filter. Wash repeatedly with small 
keeping the residue in the flask as far as 
pracn^ble. The residue oontotns lead sulphate. 
hvA^ »ojP^te my be diaiolved in a solution of sodium 
® 8 ?*®* ^ «oda are suflScient for i gram of lead* 
m is turbid it ia deouited and only the washings passed 

^kafllter. m lead Bmy be lecovewd from the 
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milpliide of lead by adding ammomum aulphide^ or a« metal by 
precipitating on abiminitim. 

Lend siilpJiate nmy bo dissolved by boiling with n solution of 
eoditimncetMo; alHmt 40 ginnis of the salt are neetled for i gmin 
of lead ; in the |>u>sence of 5 or lo c,c. of acetic acid the golution 
is ^sier, Vnit s*»Iu lions with much acid are likely to cause trnuhlo 
on Ijoiling hy giving up some of their load sulphate* The lead in 
sodium acetate solut ions nmy 1)6 it«overod as chromate or molyklato 
in the manner dcscnbed under the beading Volunitlric MeUioiU. 

GRAVIMETRIC DETERMINATION, 

Gravimotrio Determination,— The lead being in the solution 
as uili-ato or chlorido Is to be fi-etnl from any excess of nitric or 
hydrochlwic acid by evajMU'ation. The residue is lo he taken up 
with w.iter an I the resulting solution treated with 5 nr 10 c.r. 
of dtUite sulphuric acid. The llipior mU'^t Ik* allowed to stand 
and tiic clciT [Kution ilecnrdesl thiougli a filter. 

Transfer the precipitate, and wadi with wry dilute sulphuric 
acitt (i or 3 c.r. in too r e. of \\;iter). Tlie arid must be coin- 
ph telv nun ,v» tl with ouo or twow.j>.hes with <‘old water, and tli»n 
with ii’cohol. Tii*> volume of litpiid nNpnred for washing i« small, 
as the pivripiuite is driise and easily eh aned ; but the wa-shing 
mustln* ciU idully done, i*inco if any arid nuiiains it will, on drying, 
chir the pirer, and render the suhMSjuent work troublrs^un**. 
Drv, transfer to a wutrii glass, and tjurn the filter coh 

Iceting its ash in a weighisl |>oiTt*Uin ciurible. The filter pmer 
must be fisfcsl as much as |K>ssihlo fi'f)!!! the lead sulphate U*foie 
burning, niid the ash treate^l witli a flrop or twi» of nitik and sul- 
phuric arids, Tr.iii'-fer the load sulphate to the rruciblo ; ignite 
gently, kovping th»« t<unjM’rature below re*lne-s ; cool, and weigh, 
Tbe precipitate will c^mtatn 73.6 per cent, of lead. 

VOLUMETRIC METHODS, 

Ohromito Method. —Thia is l^wied upon the re action* between 
cKftmvite of and noUible lead salt* in fetddy ftCld iolutinn, 

whereby an insoluble lead chromate is pros lured. 1 f the aoluUon is* 
cold the precipitate is very finely divided and diflictilfc to work. 
On warming, it RKsiimes a darker colour and become* fioccuh nt; 
ui thiiFPiidit ion it niettles readily and i« eo«y to filter. The c 

at about 40"" or 50^ C., and ta complete in aolutiona to m ^0 
tllpW hotter. The indiibility of lead chromate in fatnlly 

4 m PbCrO« 4 2XSCV 
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Hqnor is perceptible at the temperature o£ boiling, even if the acid 
beaoetio and only a or 3 c.c. are used for each 100 c.c. of the 
solution. At the ordinary temperature the solubility is not 
appreciable. Sodium acetate and an excess of potassium cbromatr 
reduce the solubility in the hot slightly acid solutions. If during 
the rn’OCtioD the lead is in excess, and hot liquors are used, then 
the precipitate will carry more lead tlian the formula PbCrO^ 
^rarrmnts, and the excess will vary within rather wide iimiu 
according to the manner of working. 

A steady worker will obtain fairly concordant results even 
under these adverse circumstances ; but it is better to keep the 
potassium chromate in excess, and tliw is easily done by pouring 
the hot liquor containing the lead into a solution containing 
more than enough chromate to precipitate the whole of the leiid 
present. By pouring the lead solution, hot, into a cold chromate 
solution, one may get a final temperature of about 60 C., and the 
resulting precipitate will be easy to manipulate ; but if the tem- 
perature is not high enough a subpecpient warming has no bad 
result, and brings tho lead chromate into the desired condition. 

The lead having been o<m verted into lead chromate, its amount 
may be determine by any method which measures the chromate. 
A small precipitate may be dissolved in dilute hydrochloric acid 
and treated with poUtssium iodide : a titration of the liberated 
iodine by a standard solution of stannous chloride will measure the 
lead present. For larger quantities a solution of ferrous chloride 
will be better ; the re-action^ is that which occurs in the bichro- 
mate a^y for iron, and tho method of working is the same, 
except that here the iron is in tlie standard solution and the 
chromate in the ass.*iy liquor; and that the end of the titratiem is 
marked by the apjei ranee, instead of the dis.i{q>^rance, of a 
greenish tint in the tost drops on the plate. As tho student 
should learn tho iron assay lieforo attempting this, there is no 
need to repeat tho details of the titration here. In dissolving the 

lead chrwnate, however, there are some |xdnts of iiuportaaoe; the 
precipitate from one gram of lend may be dissolwd in 200 c.c. of 
water with about 15 c.c, of hyilrochloric acid by wanning not too 
quickly and withdrawing the heat as soon as the liquor clears. 
Overiieating decompose the chixmiate witlj ltl>crati<Hi, and loss, 
of oblorine: thus spoiling the as-say. With care, quite good 
naulto are to be expected, and with small precipitates it is not 
wy to go wrong. Yet for the assay of an ordinary galena it 
ii^sr to avoid w risk and to work an indirect titration. 

•FbCtO, ♦ IftCI, + 8HCI - PIA + CiCl. + SFeCl, + AHfi 
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In the indirect titration a quantity of standard chromate sok* 
iion for about .1 gram more load than is expected to be present 
in the assay liquor is carefully measured from a burette intoa i6- 
ounce flask. The liquor containing the lead is heated to boiling 
and poui'etl into the cold chromate : its bulk should bo such that, 
after mixing with the chromate, the temperature should be some- 
thing over 60® C. The precipitate is then filtered off, and the 
excess of chromate determined by titrating the filtrate with a 
standard ferrous solution. By deducting this exce^ from the 
quantity originally taken you get the amount used up by the lead. 

The Standard Ferrous Solution used for the indirect titra- 
tion may be made with ferrous sulphate; but for the direct 
titradon ferrous chloride must be used. This is because of the 
presence of lead in the assay liquor; the sulphate in the standard 
solution causes a procipiUtion of lead sulphate during the titra 
tioD, and this curries down with it sutlicient lead chromate to give 
it a distinct colour, Iie.nl chloride, even if it sejiaratcs, causes no 
such trouble, as it is not liable to the same conUmination, In 
the indirect titration there is no lead in the a.ss.ny liquor. The 
stimdard solution should contain S.13 grams of iron to the litre 
in order that too c.c. of it shall bo equivalent to 1 gram of lead. 
It is better to make the sUx'k a little stronger than this, and 
dilute the quantities re<]uired from time to time to the exact 
strength, so that 100 c.c. of it shall re*piiio too c,c. of the 
standard chromate for a titration. In making the solution weigh 
up S.3 grams of fjoft iron wire, dissolve it in hydrochloric acal, 
and dilute to 1 litre. Or take 41 grams of ferrous sulphute 
crystals, 100 c.c. of dilute sulphuric add, and, having disMilveii 
the salt with water, dilute up to i litre. Measure carefully 80 
or 90 c.c. of it, titrate with the etandanl chromate, and add as 
much more writer as is neces.>«iry to erjualise the two solutions. 

The Standard Chromate Solution is made hy dissolving 9.40 
grams of jwlassium chromate in water and diluting to i litre ; 100 
c.c. of it will be er{uivateni to i.oo gram of lead. Its strength 
should be checked by standanlising with a known weight of lead, 
about .7 or .8 of a gram. The standard solution may be made 
with 7,13 grams of bichromate of potash and 4 grants of bicar- 
bonate of soda iiisicarl of tim 9.4 grams of potassium chromate. 

A Standard Solution of Load is convenient. It may bo made 
hf dtnadving grams of nitrate of lead in water and diluting ot 
1 Utra: loo c.c. will contain 1 gram of lead. 

Aottato of Soda Solution. --Weigh up xco gnms of the 
cr^lM «iJi» dissolve in water, nv^e faintly odd to litmus 
wttb aoeiic acid, and dilute to t litrt, 
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SUndArdUing the Chromate Solution.— Weigh accumt^ly 
ft piece of pure lead of about .8 gram. Place in an S-ounce Saak 
with 10 c.c. of dilute nitric acid, heat to dissolve the metal ; and 
then evaporate nearly to dryness (juickly but with cars to avoid 
bumping. Add 20 c.c. or 30 c.c. of water and boil briskly. Cool 
and add eoda cautiously till the precipitate formed becomes per- 
manent. Add a piece of litmus paj>ei j if it is not blue add more 
fioda until this colour is obtained. Add acetic acid until the 
litmus is reddened and then 2 or 3 c.c. in excess. Add 20 c.c. of 
sodium acetate solution, and make up with water to 150 c.c. 
Heat to boiling. Measure into a pint ilask fiom a burette 90 c.c. 
of the standard chromate solution. Pour the hot lead solution 
into the chi-omate ; shake well, allow to settle, filter. To the 
filtrate add 30 c.c. of dilute sulphuric acid, and titrate with 
standard solution of ferrous sulphate. The assay lifjuor should 
he in ft bohin, tis in tiie bichronmtc iron a,s.s.'iy. The standard iron 
stihition may be run in free ly lus long as the yellow tint of the 
chromate remains ; when the ass^iy ii'pjor becomes green test with 
drops of feiricy.anide of pota.ssium solution on a porcelain plate. 
Continue the titration alwut i c.c. at a time until a bluish tint is 
obtained. Novr bjing the burette, with the standard chromate, 
and run in this solution a drop or two at a time until the bluish 
lint is no longer obtained, e.vactly as in the iron as.say. The 
calculation recpiired is Ix^st illu>tntted by an example. Suppose 
,8105 gram of lead watv Liken with 90.0 c.c. chromute, then 9C.a 
of the standard ferrous suljdiate, and, finally, .3 c.c. of chromate 
tooompleto the ttlr.atiou. The total cliruniate useil, that is, the 
reading of the burette with the chromate solution, would be 90.3 
c.c. Of this the 9.0 c c. of ferrous sulphate acrounts for, say, 
9.1 c,c. : the correction here de|icnd.s on the relative strengths of 
the two solutions. Then 90. 3 9.1 gives8i,2c.c. clironi.at«==,8io5 
gram of lead ; then too c.c. = .99S2 gram. This is the standard. 
The chromate solution keeps its strength well The standard 
ferrous sulphate weakens on standing. 

BetermiDation of Lead in a Rich Galena. — Weigh t gram 
of the very finely powdered ore ami place in an S-ouncse ftaak with 
40 cx, of dilute hydroclilorio acid. lk>il very gently until the 
attack is oomplete ; add a few drops of permanganate of potash 
oolution and ooil off the excess of acid, briskly at first, then more 
cautiously, to avoid bumping. Add 20 or 30 c.c. of water, and 
^hen soda till the Uqtior is alkaline. Acidify with acetic, Ac., 
exactly as in the standardising. H.u ing finished the titration, 
calculate how much of the chn^mate solution is e<jui valent to the 
ferrous sui^te eolutioQ you used, and deduct this amount from 

o« 
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the ioUl ehromete nm in : this givei the qtmn^ oi ehmmete 
aolntum used np hj the lead in i gram of the on, Colonlate the 
percentage in the usual wajr. 

Determination of Lead in Poorer Lead Oreo.— Weigh 
np ] gnun of the finely powdered ore and beat to about boiling 
for 10 or 15 minutes. Boil down to a bulk of about fi c.c., 
add a small crystal of chlorate of potash towards the end and 
continue the boiling till the chlorine is driven off. Dilute to 
150 C.C. with water : see that the lead chloride is dissolved. Pass 
SH^ allow to settle, filter. Wash the precipitate back into the* 
fiask and complete the cleaning of the filter by pouring over it 30 
e.c. of hot dilute hydrochtoric add. Boil down to a&mt 10 o.c. 
Add a few drops of permanganate solution and boil off the chlorine. 
Cool : add sock to a permanent predpitate, acidify with acetic 
acid, dec., exactly an in the standards mg. Use about 10 ac. of diro- 
mate more tlmn you expect the lead to use up. Titrate os before. 

MOLTBDATS METHOD. 

This is bft^ on the reaction* between lead salts and ammonium 
molybdate in solutions made more or lees add with acetic odd. 
Lead motylidate is formed os a white predpitate which, in tlu 
earlier stage of the titration, does not settle readily. When 
almost all the leiui lias been thrown down it goes down fairly 
well, leaving the liquor over it colourless and clear. It is lee 
sensitive to the pra^uico of acetic odd and foreign salts than lead 
chromate is and its composiUon does not vary so much with vans' 
tions in the conditions under which it U predpitoted. 

The finishing p^t as got by testing for ammonium molybdate. 
This is done by bdnging a drop of the assay liquor into contact with 
% drop of a solution of tannin on a porcelain slab ; the presence of 
aamootum mdybdate is shown by a brown oolour. With such small 
quiAtiUee of molybdate os .1 or .» ojo, of the standard solutum in 
300 e,c. or 300 e.e. water the ookmr it rmthsr feeUe for a sharp 
detennination when tested in this way, especially in tdm presence 
of acetic odd. But larger quontitiei, su^ is s or 3 c.o» d the 
osesy 1^]^ filtered off into test tubes, give much plainer indioa- 
tioa& llte following plan of working theo ^peon oonvenieni 
Lei the osesy liquor containing the lead and ec&ifted with aoetie 
add be heated to boiling, nun in the standard sdotioii of 
aramanlom mdybdate with oeoasional rabeayng untfl tim predpi* 
^hagiiis to seule readily, thenprooead aoie oatttkMtdy» addini 

4 ^ PbfNOJ, • PblCoOi f UmVO^ 



^ molyUate solution i c.c. at a time until two drops of the assay 
liquor give a brown colour when brought into conUict with a drop 
of the tannin solution on the porcelain slab. Filter off 2 or 3 c.c. 
into a tent tube; add three drops of tannin solution: from the 
depth of colour prtnl need an evtirnate can be made as to how much 
the titration is over-done. Uun in from a burette a little more of 
a standard solution of lead than is judged to bo necessary to 
correct for the excess of molybdate used. ^Oppose i c.c. of lead 
solution added : ecjuivalent to i c.c. of the standard molybdate. 
Filter off into a te.st tul>6 a or 3 c.c. of the assay liquor and again 
test with thn» draps of the solution of tannin, which will show no 
reaction : if it doe«, add .5 c.c. of lead solution and test again. Then 
add molybdate solution .x c.c. at a time, filter off portions into 
test tubes after each addition. Place the test t«l)es in a stand in 
proper sequence, counting frrjm left to ri;:ht, and note under each 
tube the corresp'unling reading of the burette. When a series 
has been obtdned drop into each tube three drops of the tannin 
solution and shako to complete the mixing. In a few moments 
the finishing jjoint will bo .^liown with Icautiful dL-tinctiK^s ; one 
of the tubes will show a faint luown tint and those on the right 
of it a gradually im n xsing colour : tins marks the finish, and 
the hurtdte reading below this tube Is the one r<*^juiied. It will be 
necessary to deduct from it the equivalent of tlie lead solution 
run in. 

Worked aa just descrtlxHl the portions withdrawn for testing 
will apparently dematid a cunection for loss through withdrawal 
of such considerable quantities of the assay liquor ; but if done 
strictly a« dcvscri bed the correction w ill rarely reach ,05 c.c. and 
need not bo mad© in orti inary ca.ses. The assay may be worked 
in the ordinary way, finishing off with a drop of the molybdate 
.solution at a time until the test on the porcelain slab shows a 
faint brownish tint. 

The Standard Solution of Ammonium Molybdate is made 
by dissolving 7 jprams of anyiuuuuip molylxlate in water and. 
diluting to t ntSrnfrroS^ry a few' drops of ammonia may 
be add^ to clear it. This should be standardi.«ed and diluted to 
the strength 100 c.c,» 1 gram of lead. If the standard as found 
is 1.04, then 4 e.c. of water should l>e addetl to each too c.c. of the 
standard eolation. 

The Solntton of Tannin w made by dissolving i gram of 
tetmin in 300 c.c, of water. This solution should he made from 
time to time at wanted. Solutions of lead and wnliuui acetate 
^in be faquired : Uxeee ehould be prepared as described under the 

OwnwttlfMluKl. 
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aundfu^nf Ui« irolybdila tccQnn^u 

* pi0C« of hwd fml i^hout $ Hwo/ro in a i imk di.h 
with 19 e,e. 0! Jiluft? uitrit* t W : ndd jte, $u}pUmic ncij 
*nJ Uoil twit// t/ie^.-^ii/p/iwr/c acU fumes fl[ip#vir. Allow to t?ool; 
adil 70 ac. of water : boil and filter. Waali with Fmall quantities 
of water : keep the lead autphate in the di^h aa far aa possible. 
Add 10 c.c. of acetic acid to 80 c.c. of sodium acodate solution ; 
boil and run throu^di the filter into the dish : boil in the dish 
until the lead sulphate is tliAsolve^l. Tmnsfer to a wido-necheJ 
fiask and dilate to about 250 e.c. Boil and titrate with standnrtl 
molybdate .solution in the manner described above. Calculate tlie 
gtandnnl in the usual way. 

Assay of a Poorer Iioad Ore or Matte.— Weigh up i 
fTraiu of the very finely powdered ore or .5 gram if it is rich in lead. 
Treat in a4-incli dUh with 5 c.c. sulphuric acid an<l 5 or 10 c.c. 
of nitric acid, lioil off the acid till the dense mdphuric acid 
fiimos ap|)ear. Altuw to cool. Add 70 cc. of water, boU, filter, 
Ac., exactly as in the staiularvli&ing. 


COLOBIMETBIO FBOOSSS. 

Tliw is based upon the brown coloration pi*oduced in very 
dilute solutions of lead by the action of a solution of sulphuretud 
hydrogen. Tho quantity of lead in tho 50 c.c. of the assay solu- 
tion must not much ezc^ 0.5 milligram, nor be leas than o.oi 
The stilphuretted hydrogen is used in the form of a solution, and 
Is not bubbleti through the assay. The principle of working is the 
same as previously described, 

Siandard lj«ad AVtUion. — Each c.c. of this should oantain 0 1 
milligram of lead. It is made by diluting to c.c. of the aclutioi 
of le^ nitmtc, described under the rolumetric proo^, to 1 Hire 

S^lAartiUd h^ro^«*k water is made by IMUsing a current of 
the washed gan into the water till the latter is aaturated. 

Five C.C. of the sulphuretted hydrogen water are put into s 
Keaalar tube, the nwiii^urcd portion of the assay solution ad*lcd, 
and the whole diluted wUh water to the 50 c.c. mark. Into the 
fitaodard Xe3<*»ler lube the same amount of the sulphuretb'd 
hydrogen water is put, and diluted to nearly 50 c.c. The stand- 
a^ le^ •olutkm is then run in till the tints are equal. THs 
aanay soiution must not contain much free acid, and if the oondi- 
tkmi wiD allow it, may with adtwntage be rendered alkaline with 
aniwionhu The chief cau*e of dtsiurhance h the ^ttdptUiinn 0/ 
kad istipbtde formiiig a black turbid aulutkio instead of e 
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|,n)wn c1«*r one, Tbii owy be auF»l by ueing hot Bdotionn or 
nn except of «dd. Other iretaU hy f«l|}!i«rettc<l 

hydrogen mui*l \n* ai< well nf hinjiig oxidimng agente. 

Effect of Varying Temperature.— The effect of incimsed 
U'UJpemture in to clHUifri* the eolonr fnmi brown to black, and to 
render the chtimation dinieult. 

I C.C. at 15'’ C. jiliowed the colour of a 5 ex. at 6o* 0 . 

3 „ „ „ 1.5 „ aiOo'^C. 

/'rtf. n rt 50 „ 3150*0. 

Effect of Varying Time. — The wdour Ijecomes lighter on 
Btanding: 2 cx. on htaiiding 10, 20, and 40 tninutt£ became e<^ua] 
in colour to i .7 c c. 

Effoct of Acids and Ammonia.— Tw*o cx. of the vdution with 
2 c.c. of dilute hydi'ochloric acid iMKame cloudy and e<|uivalent to 
about 2.5 c.c. ; nod n i^imilar n >nlt vras got with 3 c.c. of dilute 
Fill ph uric acid. With ? c r, (d dilute ammoida the solution became 
somewhat durk»*r, or c-jnal to 2,3 c.c. ; hut g:ive a very clear solu- 
tion easy to com|«iro. 

Determination of Load in Commercial Zinc. — Dissolve 
0.1 gram of the metal in i c.c. of dilute nitric acid evaporates till a 
solid separates out, dilute to ico ex. with water, and take 20 c.c. 
for assay. A mm i pie tn^ated in tliis way rcHpiired 2.4 c.c. ; this 
multiplied by 5 givi .s 1: 0 c.c., njual to 1.2 milligram of lead, or 
1.3 per cent. Dy gravimetric a.-siY the sjimplegave i.io percent, 

PltACTlCAb KXKKCI.SES. 

1 . Thirty grams of pd. r:\ ^Mve (in dry a^^;iy 21 graroF of lead ; and thia, 
on cuprilaliun, 15 r!dnij:r,'ii!;s of hilver. Ctlculale theresalU 
in jier centjk of kvid iu.d in oniui of silver to the ton of ore, 

a. How many ounces of hx'tMj to the tor would be contained in the 
lead got from thia ore if the loss in ^tnclting is equal to that of 
the assay f 

3. Having given you a sample of white k.id freed from oil by washug 
with ether, how would you proceed to determine the percentage 
of lead in it? 


THALUUM. 

Thallitam ia a rare metal, found in sin all quantities m some 
varietiea of iron and coppr pyrites, .md in w^me lithia micas.. It 
Kseinbled lead in apj>©;mu.ci\ Its icnipouniis resemble the saJta 
of the alkalies in aome respects ; and, in others, those of the heavy 
metak 

It ia detected by Uie green colour which its salU inijuirt to the 
flame, when mmined with the apectroecope, showa only 
bright grMtt line. 
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It is separated and estimated hy dissolnng in aqna regfs; 
oonvertiDg iuto sulphute hy evjipomtion with sulphxiric arid j 
separating the setmul group of meUds with sulphuretted hydrogen 
m the acid solution, lioillng off the excess of tlu) gas; nearly neu- 
tralising with carbonate of stnla ; and precipitating the thaUium 
with an exi'ess of ix)tassic iiHlide, On allowing the liquid to sUvnd 
for some time a bright yellow precipitate of thallous iodide stqia- 
rates out. lliis is collectetl on a weiglnnl filter ; washwl with cold 
water, finishing offwitli alcohol; dritnl at loo^ and weighe<i 
The priH'ipitate Ls thalluus iodide Til, and contains 6 1.6 per cent, 
of thallium. 

bismuth. 

Bismuth LH nearly always foutul in nature in the metallic atale; 
but tKXiLsionally it is met with sts suljOiidc in bisnuithine and fu 
csirionate in bismutitc. It Is also found in some (y)m|w»n» lively 
nirv minends, such as trtradymit**, jt^nibiniMl with tellurium, and 
as><)ciatikl with gdd. In ininut*^ (piantitii's it Is widely di^tnlmt^sl ; 
it is a (s>mne*n coitstituent nf m">t t'oppt.r <»rt^s; )u*nce it finds its 
\v:iv into r* timsl co[qH‘r, %v ln<-h is !M*ld»un frisii fi>Jiu it. It w (Kt-:!' 
^iua.iliy met with in ^itvrr in sufficient quantity to interfere with 
the working qualitits of th.it inofal. 

Bismuth wm|¥>unds aiv iwsl in mtslirin« and in tlio manufac- 
ture of ulh>ys. nismtith many useful pp>|s*rtios. It lew 

considorai*!*' amniien id value, and s<*lls at a high prin*. 

The metal Is bn t tie, bp-ak.s with a highly (Ty,st.’iiline fracture, 
and luw a rharni-teri.-^r ic risldiah- yellow colour, It is alnnsst in- 
aiduble in hydnuddoric, but rt*8dily »liwilceH in nitric, acid ; ais'l 
givciS, if tlie aciti is jn eXis*xs, a cli-ur s^ihition. Bismuth salts Imvo 
a strong tendency to se|)«nUe out as insoluble Ikisic mtiipiuinds; 
ihia ia more css|ie«’i;dly true of the chloride w hich, on diluting with 
a large volume of water. Ijccoines milky; the whole of the bis- 
muth sofiarating out. 'Hje nitrat4', carixumte, and hytirate yield 
the oxide ( BqO^) on igtiifion. This oxido c !«**«• ly n'saunbUts litharge. 
It combines with silim, fonning fitiiri slags; and at a red heat Is 
liquid enough to alworUsl by a ru|>el ; in fact, biamutli nmy 
take the pkee of leftd in nqxdlation. The metal itself U einuly 
fiiaible, and may b« jxq»arate<i fp>m ita on*a by liquation. 

The aasay of bismuth by wet methtxis preeenU little difficulty, 
and w fairly accurate. The prieo of the metal ia «urh that only 
metboda which yield g^xx! n*sulta abould lie ailoptcd ; end, since 
bMmuUi li volatile at the temperature of the furnace, and k 
foond mixed with oree not ea^y to flux, aa alao with metaJa which 
are not eaaUy ieparated by the dn* method, the dry UMy can only 
be conaidered aa having a qualitative value. 
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DRY ASSAY. 

By Liquation.— This is a(la[jtcd to ores containing the bis- 
muth as metul. Take 20 grains of the fXiwdered ore and place 
in a crucible with a jx-rforated bottom, put this crucible into 
ftjiother of about tl»e same size and lute the joint. Lute on a 
cover, place in the furnace and heat to re<!ness. The bismuth 
melts readily abd drains into the lower crucible from which, when 
Ct)ld, it is taken ami weighed. 

By Fusion. — For hiirly pure ores the process is a.s follows : — 
Take 20 grams of the ore and mijc with 20 grams of fusion 
mixture, 10 grams of sidt and 5 or lO gnims of potassium 
cvanide ; place in a crm il le, cover, and fu><r at a nuslerate tem- 
perature for altout fifteen minutes; jMmr; wlien cold detach the 
metal and weigh. 

For copjiery ores in wliich the metals are pi-esent as sulphides 
use the (luxt^s just given with 2 grams of cliarcoal (instead of the 
cyanide) and a little sulphur. 

For oopjter)* ore.-i in wliieh the metjUs are prcM-nt as oxides, 
mix 20 grams of tlio ore with 10 gnims of fu.^ion mixture, 4 
grams of Kilt, 4 grams of sulpliur and 2 gi'ams of charctml ; and 
fuse. 

A considerable |terrenlage of hisnuith is lost in tliese as&a}'^; 
it is stated as being nearly 8 per cent, of the meial prc^sCnt. 

WET HETHOD8. 

Detection." Th-innth is detccteil by dissolving the substance 
in nitric or hydiwhluric arid and prt-cipitating the diluted soluiion 
with 8ulphun-ttc<l hydrogen. Tin* pi\-cipitatetl sulphides, after 
digeating with sod.a and w.-ushing. arc <li.s.-iolved in nitric acid and 
the solution Ixaletl with ammonium csirljonate. The pi’ecipitate is 
washed and then wanin'd with dilute sulphunV acid. The solution 
will contain the bismuth. Add a sohuion of jKilassium iodide in 
excess, and Ixjil ; a yellow or dark brown solution proves that 
bismuth is, prt>scnL Anotlu r gtHnl test for small quantities of 
bismuth is to add tartaric acid to the solution to lx* tested, and 
then to make it alkaline with [xita.di. Add a few c.c. of 
Bebneider's liquid,* atul In'Jit. A hrowni. 4 i hl;ick etdoiir is pro- 
duced by as little as one j»art of lasnmth in 200,000 of solution. 
The test is not applicable in the presence of mercury, copixjr, or 
Bumganese. 

* Hods by diseotving 12 gnunw of tartaric acid and 4 grams of stannous 
tmurids in water, ana admng potsuih solution till it is alkaline. The 
•oloUoA s h o u ld n^n olesr on beating to 60* or 70* a 
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Oompoimcbi of bismuth fused with cynuido of potivssiiim in % 
Berlin cioicible readily give a globule of bismuth which is re- 
cognised by its ap{)eiU'auc‘e and fnictui^. 

Solution and Separation.— Tlie solution of bismuth com- 
pounils pi^esonts no iliihculty. They itro soluble in nitric acid or 
aqua regia, and, provided the solution is suilicicntly ot-id, tin y 
remain dissolvetL In sojwr4Uing it from (jtlior metals the solutiofi 
is made up to uImuI loo c.c. and treated with a current of 
sulphuretted hvtlrogen. The bismuth comes tluwn in a toleraldy 
strong acid s<.)lution. 'I'lie sulphide is dw'iinted un to a tllter and 
vrasheti. It is next digested with ammonic sulphide; or, Udter 
(especially when other metals are present), dissolvwi in niliic 
acid, ami tn'iit<‘d with an excess of ammonia ami a current of 
sulphuretted hydrogen. Tim prtvipitato in lilteroil oH* and 
evajwrated to drx ness with nitric acid. It i.s taken up with a 
few* di'Ot^s of siilpliuric acid and a little water; ami warmed and 
filtered, if necissaiv, Tiie tilt rate is nearly mMitraliscd with 
ammonia ; ammonium carls mate added in siiu'ht excess ; and the 
liquid lu'it^Cil to boiling and liiteivd. Tlie )a-muth will laM-ori- 
tiiined in the precipitate witli perhaps tnice.s of lead, antimony, 
tin, or sometimes iron from ineoinpleU* separiiiori or washing. 
When only tnuvs of a pre “ipitate are gtu it mu>t tested. Tiio 
bismuth precipitate is rt^idily .soluble in dilute nitric acid. 

GRAVIMBTHIO DETERMINATION. 

Tlie bismuth having U*en sepjirited ami db-'flvuiT in nili’ic 
acid* is pn?cipitatefl (after dilution) l>y the addition of carUmate 
of ammonium in slight excess, and Ixjiling. ddie pm-ipitate is 
filtered oflf, washes 1 with hot water, «lned, ignii<‘d, and weighed. 
The ignition should p-rfonnwl oirefully at not alxivo a Inw 
red heat. The oxido which is fonned Ims, at this temperature, a 
dark yellow or brown colour, and Ifccomes yi*lh>w on cooling. It is 
bhtmutbic oxide {Hi/\) and contains 89.65 |>er emit, of bismuth. 
Fusion with [KUashium cyanitlo at a tomp«>ntture just sufficient to 
melt the salt reduces it to the metal wliich falls to the lK)ttom 
and runs into a glolmle. Tlio button of metal may 1)0 weighed, 
but it often .sticks lenacirai^ly to tlie IjoIUjiii of the crucible, Tlio 
precipitation with ammonic carUmate must not l)e made in*a 
sulphate or chloride ‘Wiiuthui ; siring I'a-nic (N»ni}N»im|s would then 
he thrown down, and the result on weighing would either lie too 
low (because of the volatilt^iition of the chloride), or too high 
(because of the retention of sulphuric acid). 

• It mMt be remembered that arsenate of bismaUi U oompktel; la* 
MlttUe b Ud# cdd. 
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Bismuth compounds in a nitric acid solution are readily decom- 
pueed by the electric current, but the deposited bismuth is not 
coherent. It comes down in shaggy tufts which are difficult to 
wash and easy to oxidise. 

VOLUMETBIO ASSAY. 

There nro two methods which have been proposed ; one based 
on the precipitiition as chromate and the estimation of the 
chrouiic acid ; and tiie other on the p reel {Station os oxalate and 
subsequent titration with permanganate of potash. These offer 
little advantage over the easy gravimetric determinatioiL 

COLORIMETEIC METHOD. 

Bismuth iodide dissolves in excess of potassium io^lide, forming a 
yellow^-oolaured solution, indistinguishable in colour from that 
given by icnline. The ct)lour, however, is not removed by boiling 
or by suljthurous acid. Since nr>Me of the commoner metaU give 
such a colour, and free iodine is eiu^-ily sejuirated by boiling, this 
method is sjXH.-iully suited for small determination.'! of bismuth. 

It requires a gohuion of bisututhy made by dissolving o.i gram 
of bismuth in a drop or so of nitric acid, evaporating with a little 
sulphuric acid and diluting with water to i litre, i cc. will 
(X)ntain o.i milligram of bismuth. And a s^Autum of mliAkurim.% 
acidy nmdo by diluting 10 c.c. of the commercial acid to 1 litre 
with water. 

The determination is made in the usual way : 50 c.c. of the 
prcparei) solution, which should not cairy more tijau 0.75 milli- 
gram nor less than 0.01 uiilligruu of bismuth, tire placed in a 
Nessler tuljeaud the colour lompretl with that observed in a 
similar tube containjng water ami poUissium iodide on adding the 
standard solution of bismuth. 

The assay solution is prepartnl by separating the bismuth will 
sulphuTGlt^ hydrogen, boiling the precipitjUe with nitric acid, 
and evaporating with sulphuric acid. Take up with 'vater, add 
10 or 30 c.c. of solution of jKitJissium iodide, boil off any iodine 
ItWrated, dilute, biter, and make up to 100 c.c. Accoi^ing to 
the depth of colour take 10, 30, or 50 c.c. and transfer to the 
Neealer tube. Add a few c.c. of the solution of sulphurous acid. 
Into the othw Nessler tube put as much potassium iodide solu- 
ti(m M is contained in the assay tulK\ with sulphurous acid and 
Water to within a few 0,0, of the bulk. Then add the standard 
hismuUi solation tiU the tints are eauaJ- 
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Th« student must be carefa] not to confose the colour of the 
bismuth iodide with th«t of free ioiiine. If the yellow colour is 
removed by boiliii^ and returns on standing it is due altogether 
to iodine ; if it Ls lessened by the addition of a few drops of tlie 
dilute sulphurous acid, it is in part duo to it. Hence the neces- 
sity of having a little free sulphurous acid in each tube, A 
strong solution must not be used, since it liberates iodine from 
potassium io<lide. 

The following experiiuents illustrate the eiFect of variation in 
the conditions of the iiss:iv : — 

jSffoct of Varying Temperaturo.— -At a higher temperutuic 
the colour is eomewliat Iess<*nett. 

i.o c.c. at 15* C. showed the colt^ur of a 8 c.c. at 70* 0 , 

2-5 M « ,* „ 2.0 

50 M „ , • 5-0 • 

£ 0 ect of Froo Acid. — 

2-5 C-C. with 5 c.c. of iiiirli' ;ond oqttallod 2.5 c.o. 

S-^ « >• nulj horic acid „ 5,0 „ 

Hydrot ldoric acid almost coinpletoiy removes the colour, which, 
how’ever, is rt*>toreil by tlie a^ldiliuu of a fewerysUdsof jpotiissium 
iotlide. 

SlToct of Alkalies. — Ammonia, so^l^^ or jmtash destroys tlie 
colour, but it Ls restot\sl on acidifying with nitric or Miljdunic 
acid. 

Bffbct of Ammonic Salts, — The following laldo shows the 
results at ter addition of :imuionic wilts : — 


j C.C. prwt'tji. 

\ W'l'h l''. ifrnrm 

1 Ntirale. 

rram» 

An\i:; *{(!.; tU. 

1 W'jth to 1 

AmWitiiit-: OiN'f J . 

1.0 C.C. 

1 09 c C- 

I.l 0.0, 


2^5 « 

i 2-5 .. 

2.7 » 


5-0 H 

5-0 « i 

5‘5 ^ 

— 


Ammonic chloride, like hydrochluric acid, removess the erdour, 
which may Ijo reston d on llm^ioldition of more potiuisium iodi«le. 
Nitnites and suljdiates do not thus interfere. 

Effect of Foreign Salts. — S^slic hy postal phi te almost coni- 
pleteiy removes the (olour. (V>p|M‘r wilts liberate iodine; hut 
when this has licon removed by iKiiting attd tho cuprous iislide 
has been filtered off there is no futther interfereHM. Dilute 
•idotiofis of lead salU give u* colour. 
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PRACnOiUi EXKRCISia 

f. A ftuible alloy U made np of 3 parts of bismuth, 5 of load, and 
3 of tin. What weight of oxide of blsmath, Bl,Oy would you get 
on the analysis of i gram of it ? 

$, What weight of bismuth can be got from 2 grams of the subnitrate 
BiONOr H,0 T 

3, How would you detect and separate arsenic, lead, and copper in a 
sample of bismuth ! 


ANTIMONY. 

Antimony occurs in the native state, but is rare; its common 
ore is antimonite, the sulphide Jame&onite and other 

snlpbidesof lead and antimony are frequently met with. Sulphide 
of antimony is also a constituent of fabierz and of many silver 
ores. 

Antimonite occurs generally in fibrous masses, has a lead Uke 
metallic lustre, is easily cut with a knife, and melts in the fiame 
of a candle. 

Antimony it^^elf has a very crystalline fracture, is brittle, and 
has a bluish-white colour. It is used in the preparation of alloys 
with lead and tin for the manufacture of type-metal. It is readily 
fusible, and imparts hardness and the property of taking a sharp 
cast to iU alloys. It is practically insoluble in hydrochloric acid. 
On boiling with strong nitric acid it is converted into antimonic 
oxide (Sb,0|), which is a powder almost insoluble in this acid 
or in water, but which may be got into solution with difficulty by 
the prolonged action of hydrochloric and tartaric acids. Anti- 
monic oxide is converted on ignition into the tetroxide (Sb, 0 ^) 
with loss of oxygen. Antimony forma two series of salts, anti- 
monious and antimonic ; and ^v'antage is taken of this in its 
determination volumetrically. Either sulphide of antimony yields 
iQtimonious cldoride on boiling with hydrucbloric acid, sulphuretted 
hydrogen being given ofif ; and, in the case of antimonic sulphide, 
sulphur is deposited. Antimonious is converted into antimonic 
chloride by treatment with permanganate of potash in on acid 
solution. Antimonic chloride and potassium iodide react, forming 
antimonious chloride and free iodine.' This latter may be got rid 
of by boiling. Sulphide of antimony is sepiirated from the ore 
by liquation; this regulua is met with in commerce m ** crude 
antimony.^ 

DBY ASSAY. 

An approximate determination of the amount of sulphidA 
tntimony in an ore may be mode by fusing and liquating in a 
luted double crucible in the oMuiner dosenbeJ under biwatfa. 
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Thu ia ansatisfaotorf. The detenumation of metallic antimony 
in an ore is m^ide either by futdon with potaasium cyanide or b? 
fusion with iron, as in the galena assay. Both methods yield 
poor faults ; and, where iron is used, it must be added in quantity 
only sufficient for desulphurising ; this amounts to about 40 jxr 
cent, in pure ores. If the iron is in excess it alloys with the reduced 
antimony. If, on the other band, it is insufficient, the metal will 
contain sulphur ; or sulphide of antimony will 1)6 lost in the slag. 

The following note, for which we are iiulebtcd to Mr. Bedford 
McNeill, A.K.S.M., gives a desscription of the method udopteil in 
the commercial valuation of a j^ircel of antimony ore ; — 

The antimony smelter, when he wishes to detifrmine the v.iloo 
of any pnj-cel of ore — usually the sulphicU^—that may bo oUmnl 
for sale, practittvlly has recourse to the smelting o|)enition. That 
is, a quantity of 3 or 3 cwts. taken by hw sampler having beea 
obtaineil, he treats it under the immediate fni]>ervision of tlie 
forenuin smelter as if it formed part of the ore in prcKws of daily 
reduction at bis works. He thus determines by actual trial the 
output which it may fairly be autiei|^ji,ted w ill bo yielded by tlio 
bulk, and «|M>n the result of this triid or assay, and the knowlidgo 
gained of the actual bdiaviour of the ore under treatment, he 
baacss his tender, knowing tliat, slmuld ho secure the parcel, be 
may conhdently expt'ct a similar return. 

Brietiy, the proc<^ consUta of the three onliuoiy operations 
of— 

(а) Singling or removiog moet of the antimony from the ore; 

(б) Doubling; 

(c) liefining or “ starring.*' 

But in the assjiy suilicient information u g^norully given by the 
first tw'o of these. 

A new pot having lx?en taken and made hot in the furnace, 
40 or 45 11)8. of the ore w weighed in (the mineral from the neecs* 
ttties of sampling nrjt exm^ling walnut size) ; 1 to 3 Iba. of salt 
cake is now addeil to nuider the sejKiration of the resulting sul- 
phide of iron mure cn.*))', as also to assist in tho fusion of the 
gangue; 20 to 25 11)8. of tin-plate scrap, ts.>aten more or less into 
ball shape, is weigheit, place<l on tho top of the ore and salt cake, 
and the whole brought to a state of fusion. Tho foreman from 
time to time takes notice of the behaviour of tlie ore under the 
working conditions. Ores that manifest a tendency to boil ” or 
** froth" require the admixture of other more sluggish mineral in 
order to render their nKluction economirolly practicable. 

After i\ to hours (the time depending mainly on the tea' 
peratore), the oontente of the crucible are usually in a state c( 
tranquil fusion. The not is now lifted from the fire, and 
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oontenU transferred to a conical iron mouldy the empty pot being 
immediately put back into the fire, and the latter “mended^ 
with sufficient coke for another run. The conical mould (when 
dealing with a “ strange ” ore, and the possibility of insufficient 
iron being present to satisfy the sulphur contents) is wiped inside 
with clay previous to pouring in the molten charge. Otherwise 
the mould itself will be attacked, and the contents after solidifying 
will rtxjuire to be chiselled out piecemeal. 

A further 40 lbs. of the ore is now chargwi jutc the crucible 
with iron as above; but before tins second charge is ready to be 
drawn an inspection of the fii^t may suggest the addition of 
either 3 or 5 lbs. more iron, or 5 or 10 lbs, more ore. 

It is a good fault rather to aim at an excess of iron as tending 
to clean the oro from antimony, any of the latter that (from an 
insufficiency of iron) nuiy l>e left in the slag from the first process 
being irretrievably lost ; whereius. if the iron be in excess, that 
which is combined with the crude antimony resulting from the 
first process is easily got rid of by adding 3 to 5 lbs, or so of ore 
in the second process. 

This latter, as pnictised for the determination of the value of a 
parcel of ore, consists in selecting two of the best quality singles, 
resulting from perh.q^s four or five trials os above, and running 
them down with a few pf>undi* of salt cake, or a mixture of salt 
cake with Ameriain potash, and (as is generally nece^ary) a gmall 
addition of ore. 

Upon the final result (confirmed perhaps on another pair of 
singles, and, judging from the total weight or output of the 
metjil as calculated from the ore used in ‘^singling,” plus any 
adiled in the “ doubling/’ the crystalline fracture and face of the 
metal, its colour, <fcc.) the price to be offered for the parcel of ore 
is fixed. 


WET METHODS. 

Detootioii. — The antimony, if any, being got into solution by 
treating the ore with hydrochloric acid or aqua regia may be 
dete<^ by evaporatmg with hydrochloric acid, diluting, ' and 
mtering into the cover of a platinum crucible or (better) a pla- 
tinuiQ dish. A small lump of xinc is then added, and, if antimony 
te present, dUh will in a minute or so be stained black with a 
^pQSit metallic antimony. This stain is removed by nitric, 
TOt not hydrochloric, acid. The reaction is delicate and 
®™*ctori8tic ; amnio under like conditions is evolved as arseoiu* 
hydrogen, and tin is deporited as metal on the zine, 
mln^n.--<liros, Ac., oontaining antimony are best opened np 
oy boiling with hydrochloric acid or aqua regia, treatmmit with 
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Ditrio tdd should bo avoided wherever possible, since it forms 
mntimomo acid, which is subsequently dissolved only with difficulty. 
Salts of antimony in solution havo a tendency to form insol ubla 
basio salts; so tluit care must be exercised in diluting. Com 
pounds such as antimonite which are soluble in hydrochloric 
should be dissolved at once in that acid. 

Separation. — To the solution add potash in excess and a little 
free sulphur, and pass a current of sulphuretted hydrogen for some 
minutee ; allow to digest for an hour or so on a hot plate ; filter; 
and wash the residue. Acidulate the fillnite with hydrochloric 
add : the piecipitate will contain the antimony (as and 

possibly arsenic or tin. The precipiUte Is tmiisferred to a beaker 
and boiled with hydrochloric acid ; the solution is filtered olV and 
diluted. Add a few crystals of Urtanc acid, and pass a current 
of sulphurette<l hydrogen for st)me time. The first fiotrulent 
precipitate will become denser, and render the filtering more e^tsy. 
Transfer the precipitate (after wasliing free from chlorides) to a 
Berlin dish, and treat ciutiously with fuming nitnc acid. The 
action of this acid on the sulphide is very violent. Kvaporate and 
ignite, transfer to a silver dish, and fuse with four or five times 
its weight of caustic soda, cool and extract with a little water, 
then add an ecjual volume of alcohol, and allow* to stand overnight. 
Filter, wash with dilute alcohol. (The til irate will contain the 
tin.) Tlje residue contains the antimony as antimonate of soda, 
and w dissolved off the filter with hot dilute hydrochloric, with 
the help of a little tartaric, add. The filtrate is now VOady for 
the gravimetric determination. * 

GRAVZHETBIO ASSAY. 

Pass a current of sulphuretted hydrogen through the solution 
containing the antimony to which a little tartaric acid lias U>cn 
previously added. Bass the gas till the precipitate becomes dense, 
and the antimony U all down. The solution must not be too 
singly add. Filter off the precipitate, wash with hot water, 
dry in the water oven, transfer to a weighed porcelain dkh, and 
eaotioualy treat with fuming nitric amd. Continue the action (>n 
the water liath till the sulphur and antimony are completely 
CT ridiatwl- Evaporate ; ignite, gently at first, then strongly oyer 
the blast; cool, and weigh. The restdoe is a white mfuBibld 
powder, and conaiaU of antitnony tetroxide, 8b, 0^, oontaimng 
78.94 metal. 

IMomiiiAtlon of Antimony m Big»llAte.--Wbat appe^ 
to be a very good method has been work^ out Iqr M. A. Goyerdf 
ynd m described in Crookes^ Mttinfdi, p. 39A 



AKTIMOKf. 


229 

The antimony miut be in solution as antimonions chloride^ ar^ 
must not be accompanied by an excess of hydrochloric acid, Ti 
ensure these conditions, the solution is treated with potaasiu^ 
iodide until no more iodine is evolved, and is then evaporated to 
remove the excess of hydrochloric acid. To the oon^ntrated, and 
nearly neutral, solution a freshly-prepared solution of gallic acid 
is added in slight excess. A bulky white precipitate is formed 
that settles rapidly. The solution is diluted with hot water and 
washed by decantation. Then the precipitate is collected on a 
weighed double filter, washed once or twice with hot water, and 
driw at 100* C. The dried substance is antimony bigallate, and 
contains 40.85 per cent, of antimony. It should be completely 
soluble in ammonium sulphide. The solution in which the anti- 
mony is precipitated need not be quite free from other 

VOLTJMETBIC METHOD. 

This is based on the reduction of antimonic chloride (SbCl,) to 
antimonious (SbCl,) by the action of potassium iodide in strong 
hydrochloric acid solution.* Iodine is at the same time liberated, 
and the amount of antimony reduced is got at by titrating with 
sodium hyposulphite, which measui^ the iodine set free. 

The standard solution of sodium hyposulphite is made by dis- 
solving 41,32 grams of the salt (Na,S,0,.5lI,0) in water, and 
diluting to I litre. One hundred c.c. will be equivalent to about 
I gram of antimony. 

standardised with the help of a solution of antimony made 
as follows Weigh up 5 grams of powdered antimony, transfer 
to a and cover with 50 c.c. of hydrochloric acid ; boil, and 
add nitric acid (5 or 10 drops at a time) until the metal is dis- 
solved. Allow the action of the nitric add to cease before adding 
more. Boil down to a small bulk, add 250 c.c. of hydrochloric 
>cid, and dilute to nearly 1 litre. Warm until any predpitate 
which haa iorme<l is redissolved ; allow to cool slowly, and run in 
from a pipette a weak solution of permanganate until a faint 
brown colour is produced. Dilute to exactly i litre; loo c.c, 
oonudu 0.5 gram of antimony as antimonic chloride. 

In standaHising, take 50 c.c. of the antimony solution, and 
transfer to a flask ; add 2 ^ma of potassium iodide crystals, and 
*hen dissolved, after stanaing a few minutes, run in the solution 
^ ^ hypo from an ordinary burette until the greater part of the 
iodine has been reduced. Add a few drone of starch eolation, and 
continne the addition of the ** hypo untu the mnddy^pcoen ooloor 

• 8bC^ t a£i a 1, -I- SbOi 4* iKOi 
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ehangee to • dear brownish-yellow. The solution most be sbahen 
after each addition of the hypo.” 

In determining antimony in ore, weigh up 0.5 to i gram, and 
dissolve in hydrochloric acid with, if necoasary, the help of chlo- 
rate of potash. The antimony is separated as sulphide, redis- 
Bolved in hydrochloric acid, and oxidisiHi with a crj-stal of chlorate 
of potash. Chlorine is boiled oflT, and the solution dilute<l with 
an equal bulk of water. To the clear cold solution potassium 
iodide is added, and after a few minuU^s tlje liberated iodine is 
titrated with “hypo,” as already descrilnHi, The method only 
yields .satisfactory' results when the standard and amy are carried 
out aliica 
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CHAPTKK XI. 

IKOH— NICKEL-COBALT— ZINC-CADMITTM. 

IRON. 

Iron nwtfi or oiiilLses very readily, and, consequently, is rarely 
found in the metallic state in nature ; such native iron as is found 
being generally of meteoric origin or imMded in basalt and other 
igneous rocks. It clii< lly occurs as oxide, as in magnetite, haema- 
tite, and in the brown iron on s and ochres. Chalybite, which is 
carinate of iron, is nn ore of great importance. Iron is found 
combined with Buljihur in pyrrhotine and pyrites, and together 
with arsenic in mispickcL It is a common constituent of most 
rocks, impiirting to thorn a grotui, black, or brown colour j and it 
present, either us an essential part or as an impurity, in most sub- 
stances. 

Tli© chemistry of iron is somewhat complicated by the existence 
of two oxides, each of which giv^ rise to a well-marked series of 
con^Kjunds. Those derived from the lower oxide, known as 
ferrous salts, nn^ genendly ]^le and greeni«;h. Ferric salts are 
derived from the higher oxide, and are genendly rwi, brown, or 
yellow. The exUtenco of these two well-marked families of salts 
renders the assay of iron compamtively easy, for the quantity of 
iron present in a sohition can be readily moa.«:ured by the amount 
of oxidising or reducing agent retpiire^l to convert it from the one 
state into the other— that from ferrous to ferric, or from ferric 
to ferrous, as the case may be. 

In the red and brown iron ores and ochres ferric iron is 
in chalybite the iron is in the ferrous state; and in mag- 
netite it is present in l)oth forms. Traces of iron in the ferrous 
state may be found (even in the presence of much ferric iron) by 
either of the following tests : — 

I. Ferricy&nide of potassium gives a blue precipitate or green 
coloration with ferric salts a brown colour only is prc^ 
duced. 

•« A etduiion of permanganate of potassium is deodorised a 
femns salt, but not by a ferrie one. 
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Trftoes of ferrio iron can bo detoctod (even in the praeenoe of 
much ferrous iron) by the following testa 

(i) By the brown or yellow colour of the solution, eepedally 
when hot. 

( 1 ) By giving a pink or red C5olonition with sulphocyanide of 
potassium. 

Substances containing oxide of iron yield the whole of the iron 
as metal when fused at a high tempenture with charcx^l and 
suitable fluxes. The metal, however, will ct)ntain varying propor- 
tions of carbon and other impurities, and its weight can only aflbrd 
a rough knowletlge of the proportion of the metal in the ore. 
There are two or three methods of dry assay for iron, but they are 
not only inexact, but more troublesome than the wet methods, 
and need not be further considered. Chalybite and the hydrated 
oxides dissolve very readily in hydrochloric acid ; hiematite and 
magnetite di&!olve ^^itb ndher more difliculty. Iron itself, when 
soft, is eerily soluble in dilute hvdrocliloric, or sulphuric, arid. 
Pyrites, mlspickel, Ac., are insoluble in hydrochloric arid, but they 
are readily attacked by nitric acid. Certain minerals, such as 
chrome iron ore, titaniferous iron ore, and some silicates containing 
iron, remain in the residue insoluble in acids. *S<>me of these yield 
their iron when attacked with strong sulphuric acid, or wlien 
fused with the arid sulphate of potash. Generally, however, it i* 
better in such stubborn cases to fuse with carhonaU of soda, and 
then attack the ** melt "with hydrochloric arid. 

When nitric acid, or the fusion method, has been used, the 
metal will be in solution in the ferric state, no matter in what 
condition it cxistcil in the ore. But with dilute hydrochloric or 
sulphuric arid it will retain its former degree of oxidation. Hydro* 
chloric arid, for example, with chalybite (ferrous carbonate) will 
give a solution of ferrvui chloride; with hematite (ferrio oxide) 
It will yield /errie chlori<le; and with magnetite (ferrous and 
ferric oxides) a mixture of ferrous and ferric chlorides. Metallic 
iron yields solutions of /erroui salts. It is convenient to speak of 
the Iron in a ferrous salt as ferrous iron, and when in the ferrio 
state hS ferric iron. Frequently it is required to determine bow 
much of the iron exiris in an ore in each <X)ndition. In such cases 
it is neeesMry to keep oflf the air whilst dissolving ; the opemUoD 
shonldf therefom, be performed in en atmoephm of oarbonis 
arid, 

Septfition.— The separation of the iron from the other sub- 
stenosi k m follows :-~8ilice is removed hj evaporating the 
arid iobibn, and taking up with arid, ae deembed under 
dUke; the whole of the iron iritl be in eolatiom The meUls of 
(to.,. L i|. r»QV^ b7 p-rin, 
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ind at the Bame time the iron will be reduced to the ferrous 
state. The solution should be filtered into a 16 os. flashy boiled 
to get rid of the gas, and treated (whilst boiling) with a few 
drops of nitric acid, in order to convert the whole of the iron into 
the ferric state. When this condition is arrived at, an additional 
drop of nitric acid causes no dark coloration. The boiling must 
be continued to remove nitrous fumes. Next add caustic soda 
solution until the colour of the solution changes from yellow to 
red. The solution must be free from a precipitate ; if the soda be 
incautiously mlded a jxjrmanent precipitate will be formed, in which 
case it must be rediasolved with hydrochloric acid, and soda again, 
but more cautiously, added. After cooling, a solution of sodium 
acetate is added until the colour of the solution is no longer 
darkened. The solution, diluted to two-tliirds of the flaskful 
with water, is heate<l to boiling. liong-continued boiling must be 
avoided. The precipitate is filtered quickly through a large filter, 
and washed with hot water containing a little acetate of soda. 

The precipitate w'ill contain all the iron and may also contain 
alumina^chromium, titanium, as well as phosphoric, and, per- 
haps, armic acids.* 

Dissolve the precipitate off the filter with dilute sulphuric acid, 
avoiding excess, add tartaric acid and then ammonia in excess. Pass 
sulplmretted hydrogen, warm, and allow the precipitate to settle. 
Filter and wash with water containing a little ammonic sulphide- 

QRAVIKETBIC METHOD, 

Dissolve the precipitate in dilute hydrochloric acid ; peroxidise 
with a few drops of nitric acid and boji, dilute to about 200 c.c., 
add ammonia (with constant stirring) till the liquid smells of it, 
and heat to boiling. Wash as mucli os possible by decantation 
with hot water. Transfer to the filter, and wash till the filtrate 
gives DO indioition of soluble salts coming through. The filtrate 
must be colourless and clear. The wet precipitate is veiy bulky, 
of a dark-brown colour and readily soluble in dilute acids, but in- 
soluble in ammonia and dilute ukalies. When thrown down 
from a soludon containing other metals it is very apt to carry 
portions of these with it, even when they are by themselves very 
aolnble in ammouiacal solutions. It must be dried and ignited, 
the filter paper being burnt separately and its ash added. When 
further i^tion oeosee to cause a loss of weight, the residue is 
ferric onde (F^O,), which contains 70 per cent, of ttoo. The 
weight ol iron thenfort can be calculated by multiplying the 
weight of oxide obtsiMd by 0.7. 

* When chromlam li oraMit tcffle of the iron may eeeape ^ipitakios 
m ft oan ba mc o te md 1^ the soluftoa by mmas of aimnoiile eo^phid^ 
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The presence of ammonio chloride causes Ion of iron during 
the ignition, and organic matter causes an apparent Ion by re* 
dncing the iron to a lower state of oxidation. When the iron in 
the solution much exceeds 0.2 gram the volumetric determination 
is generally adopted, as the bulkinesa of the precipitate of ferric 
hydrate makes the grarimotric method very inconvenient. 

VOLUMETRIC METHODS. 

As already explained these are based on the measurement of 
the volume of a reagent required to bring the whole of the iron 
from the ferrous to the ferric state (oxidation), or from the ferric 
to the ferrous (reduction). Ferrous comjwunds are coDverte«l 
into ferric by the action of an oxidising agent in the presence 
of an acid. Kither permanganate or bichromate of |K)tash is 
generally used for this purpose.* * 

Ferric compounds are reduced to ferrous by the action of 
(j) Stannous chloride ; 

(2) Sutphurette<l hydrogen; 

(3) Sodium sulphite ; or 

(4) Zinc.f 

The processes, then, may be divided into two kinds, one based 
wi oxidation and the other on rf>luction. In each case the titM- 
tion must be preceded by an exact pre|>a ration of the solution to 
be assayed in order that the iron may be in the right state of 
oxidation. 

FEBMAlfGAHATS AND BICHROMATE METHODS. 

These consist of three operations 
(1) Solution of the ore ; 

h) Reduction of the iron to the fetroiis state; and 
(3) Titration. 

SolntioD. — The only point to be noticed concerning the 6rst 
operation (in mldition to those already mentioned) is that nitric 
add most m absent. If nitric add has been ttsedi evaporate to 
drynem, of course without previous dilution ; add hydrochloric or 
sulphuric add, and boil for five or ten minutes. Dilute with 
water to about 100 c.c., and warm until solution is complete. 

The reductioxi is performed by either of the following 
methods 

• (I) ioFeS0«42KMfi0,*»>81L80^5Fs,{804),42HnS0«*|-^,t8H«a 

(2) t4Hd[a«^e^*t>Cr^l,f aXat7H,0. 

t (1) rftDf. 4 ' 8 DCL« 2 FeCL+ftia^ 

< 2 ) 

0) rV^+MaJ 30 ,+Hp« 2 FeCl.^Ka^«f sHa 
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1. Wilh Sttmnout Chloride , — PUl a burette with a solution of 
stannous chloride,^ and cautiously run the liquid into the hot 
assay solution (in which the iron is present as chloride) until the 
colour is discharged. A largo excess of the stannous chloride 
must be avoided. Then add 5 c.c. of a 2^ per cent, solution of 
mercuric chloride, this will cause a white precipitate (or a grey 
one if too large an excess of the stannous chloride has been 
added). Boil till the solution clears, cool, dilute, and titrate. 

2. H'tfA Sidphureftcd Hydrogen, — Cool the solution and pass 
through it a current of wa.shed sulphuretted hydrogen till the 
liquid smells strongly of the gas after withdrawal and shaking, 
A white precipitate of sulphur wall be formed, this will not inter- 
fere with the subsequent titration provided it is precipitated in 
the cold. If, however, the precipitate is coloured (showing the 
presence of the second group metals), or if the precipitation has 
l)een carried out in a hot solution, it should be filtered off. Boil 
the solution until the sulphuretted hydrogen is driven off; this 
may be. tested by holding a strip of filter paper dipped in lead 
acetate solution in the steam Issuing from the flask. The pre- 
sence of sulphuretted hydrogen should be looked for rather than 
its absence. It Ls well to continue the lx)iling for a few minutes 
after the gas has been driven off. Cool and titrate. 

3. iriM Sodium SulphiU. — Add ammonia {a few drops at a 
time) until the precipitate fii-st formed redissolves with difficulty. 
If a permanent prt*cipitate is formal, redissolve with a few drops* 
of acid. To the w.arra solution add from 2 to 3 grams of sodium 
sulphite crystals. The solution will become strongly coloured, 
but the colour will fade away on standing for a few minutes in a 
warm place. When the colour is quite removed, add 20 c.c, of 
dilute sulphuric acid, and Imil until the steam is quite free from 
the odour of sulphuroms arid. Cool and titrate. 

4. H'itA Zinc, — Add about 10 grams of gninulated rinc; if the 
hydrogen comes off violently add water ; if, on the other hand, 
the oc^on is very slow, add sufficient dilute sulphuric acid to 
keep op a brisk effervescent^. The reduction is hastened by 
warming, and is complete when the solution is quite colourless 
and a drop of the liquid tested with sulphocyanate of potassium 
give* no reaction for ferric iron. Filter through “ glass wool ” ot 

filtering paper. Tbe sine should be still giving off gas 
rapl^y, indicating a freely acid solution ; if not, add must be 
added. Wash with water rendered acid. Cook and titrate. 

rogard to the relative advantages of the different methods 
they nmy be roughly summed up as follows i-^-^The stannous 

* so nams M staanoiu ohloilde and so 0,0. of dilate hydroohkuie add 
sre dOflIed to one Utre. 
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boride method has the advantage 0! immediatdv redudng the 
fono iron whether in hot or oold solution and under varied oon- 
ditiona in regard to acidiij, but has the disadvantage of similarly 
reducing salts of oop{>er and antimonyi which> in a subsequent 
litratioQt count as iron. Moreover, there is no convenient method 
of eliminating any large excess of the reagent that may have 
been used ; and, consequently, it either leaves too much to the 
judgment of the ojierator, or entails as much care as a Utratiom 
Students genenUly get good results by this method. 

The sulphurett^ hydrogen method also has the advantage of 
quick reduction under varying conditions, and the further one of 
adding nothing objectionable to the solution ; in fact it removes 
certain impurities. The disadvantages are the necessity for boil- 
ing off the excess of the gus, and of hltering off the precipitated 
sulphur, although tins last is not necessary if precipitated cold. 
The tendency with students U to get high results. The sodium 
sulphite method has the advantages of being clean and neat, and 
of requiring no filtration. On the other hand it requires practice 
in obtaining the best conditions for complete reduction ; and, as 
with sulphuretted hydrogen, there is the necessity for boiling off 
the gas, while there Ls no simple and delicate test for the residual 
sulphurous acid. In addition, if an excess of sodium sulphite has 
been msed and enough acid not subsequently added, the excess will 
count as iron. Students generally get low results by this method. 
• Tlie advantages of the rinc raotho<^l are, that it is easily worked 
and that the excess of xtnc is readily removed by simply filtering. 
The disadvantages are the slowness* with which the last portions 
of ferric iron are reduced, the danger of loss by effervescence, the 
precipitation of basic salts, and, |)erhap«, of iron, and the loading 
of the solutim willi «iUs of xinr, which in the titration with 
bichromate have a prejudicial effect. The tendency in the hands 
of students is to get variable results, sometimes low and some- 
times high. 

Generally speaking, the sulphuretted hydrogen and sodium 
sulphite meUiods are to be preferred. Carefully worked each 
method will yield good results. 

The titration may be done with a standard solution of (x) per- 
maiigxuxata of potash, or (2) bichromate of potash. 

I. ITtfA PtmanganaU 0 / Pofas4.^Prepare a standard boIuUod 
by disBcdving 3.8a grams of the salt ana dilating to one litre. 
11m stnngth of this should be 100 c.c. « 0.5 gmm of iron, but 
it vines slightly, and should be determined (and afterwards 

e The maximam redticiog effect of dao is obtained by ezposlag as large 
a enrtaoe se poedble of the metal la s boiooaoeatated eolation o on tal nlfl g 
bet ffUJe free adi (TbotpeX 



fllieoked every two or three weeka) by weighing up 0.3 gram of 
iron wire^ di^Iving in 10 c.o. of dilute Bulphuric acid, diluting to 
about 100 C.O., and titrating. 

The standard solution must be put in a burette with a glass 
stopcock, as it attacks india-rubber. The assay should be con- 
tained in a pint flask, and be cooled before titrating. The stan- 
dard solution must be run in until a pinkish tinge permeates the 
whole solution ; this must be taken as the hnishing point. When 
certain interfering bodies are present this colour quickly fades, 
but the fading must be ignored. With pure solutions the colour 
is fairly permanent, and a single drop of the potassium permau’ 
ganate solution is sudicient to determine the finishing point. 

a. With BidiromaU of PoUuh. — Prepare a standard solution by 
dissolving 4.39 grams of the powdered and dried salt in water, and 
diluting to 1 liti'e. This solution is permanent, its strength is de- 
termined by dissolving 0.2 gnim of iron wire in 10 c.c. of dilute 
sulphuric acid, diluting to atx)ut a quarter of a litre, and titrating. 

Alsso prepare a test solution by dissolving 0.1 gram of ferri- 
cyanide of pcjtassium in 100 c.c. of water. This solution do^ not 
keep well and must be freshly prepared. 

An ordinary burette is used. I'he assay is best <K)ntained in a 
glazed earthenware dish, and may be titrated hot or coM. To 
determine the finishing point, place a series of drops of the 
ferricyanide solution on a dry white glazed plate. The drops 
should be of aliout the same size and be placed in lines at fmrly 
equal distances. Tlie bichiomate is run in, in a steady stream, 
the assay solution being continuously stirred until the reacrion is 
sensibly slackened. Then bring a drop of the assay with the 
stirrer in contact with one of the test drops on the plate* The 
standard can he safely run in 1 c.o. at a time, so long as the test 
drop shows signs of a precipitate. When only a coloration is 
produced run in cautiously a few drop at a time so long as two 
drop of the a^y gives with the test a colour which is even 
faintly greener than two drop of the assay solution placed along- 
side. The finishing pint is decided and practically pnnanent, 
although it demands a little practice to recognise it. The titra- 
tion with permanganate of pt'tssinm has the advantage of a more 
distinct finishing pint and easier mode of working ; its applica- 
tion, however, is somewhat limited by the disturbing etTects of 
hydrochlorio acid* The bichromate method has the advantage of 
a standard solution which does not alter in strength, and the 
ftirtkw one of bein^ but little aifected by altering conditions of 
May. Hrdroehlufto add has practically no effect on it* Both 
netnoda pve accurate reeulte and are good examples of volumetric 
ttieUiodii. 
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Hie fellowing results illustrate tbe extent to wliich the methods 
may be relied on ; and the influeno) which the Tarious conditions 
of experiment have on the assay. 

Solutions of ferrous sulphate and of ferrous chloride were made 
containing 0,5 gram of iron in each 100 c.o., thus corresponding 
to the standard solutions of permanganate and bichromate of 
potassium. These last were prepared in the way already de- 
scribed. Tlio solution of ferrous sulphate was made by dissolving 
5.01 grams of iron wire in loo c.c. of dilute sulphuric acid ami 
diluting to i litre. A similar solution may be made by dissolving 
24,82 grams of pure ferrous sulphate crv.^tals in water, adding 
100 c.c, of dilute sulphuric acid, and diluting to i litre. 

Bate of Oxidation by Bxposuro to Air.— Tins is an im- 
portant considcfiition, and if tho nde were at all nipid would 
have a serious influence on the manner of working, since exclusion 
of air in tho various (>j>erati{)iis would bo troublesome. 20 c.c, of 
the solutiott of ferrous sulphate wore taken in each exjHjriment, 
acidiflinl with 10 c.c. of ililute .sulphuric acid, and diluted to 100 
C.C, The solution was ex|>oM*d, cold, in an open beaker for vary- 
ing lengtlis of time, and titrated with permangiinate uf potassium. 

Time eiiK>s«;d . . 1 hour ] day 3 dayi 3 tliys 

C.C. irquirtsi. . . 1^2 19.1 I 9.0 19.0 

The«e results show that the atmospheric oxidation in cold solu- 
tions is unimportant. With l)oiling solutions the results are 
somewhat difl'erent ; a solution w hich at the outset rtHjuire«l 20 c.c. 
of permanganate of potassium, after boiling for an hour in an 
open beaker (without any procatitions to prevent oxidation), 
water being atlded from time to time to replace that lost hy 
evaporation, required 19.2 c.c. If the solution lx? evaporated to 
dryiiess tiie oxidisii5g power of conctmtnitol sulpluiric acid conics 
into play, so tlmt very little ferrous iion will be left. A solution 
evaporated in this way required only 2.2 c.c. of permanganate uf 
potassium. 

Effect of Vorjlng Tomporature. — lu these experiments the 
bulk waa in each case 100 c.c., and 10 c.c. of dilute sulphuric acid 
were prwent, Tbe ()ermangttoato required by 

I ce, of ferrucs »ulphate was, at 15* l.o c.c., and at 70' 1. 1 c.c. 

10 » « m ^ 9-7 » 9 ^ " 

too • * m m 97-7 n « 

The lower itaruU with the too c.c. may be doe to oxidation from 
ezpeeure. 
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of Varying Biilk.^The following experiments show 
that considerable Tariations in bulk have no practical effect. In 
each case 20 c.c. of ferrous sulphate solution and 10 c,c. 0! dilute 
acid were used. 

Bulk of asR*7 . . .30 c.c. 100 c.c. 500 c,c. 1000 c.o. 

Permanganate required . lao ^ 2ao 20.2 ,, 20.5 ^ 

Effbct of Free Sulphuric Acid.— Free acid is necessary for 
these assays ; if there is an insuSiciency, the assay solution, instead 
of immediately decolorising tlie permanganate, assumes a brown 
colour. The addition of 10 c.c. of dilute sulphuric acid suffices to 
meet requirements and keep the assay clear throughout. The 
following exi>eri meats show that a considerable excess of acid 
may be used without in the least atfecting the results. In each 
case 20 c.c. of ferrous sulphate were used. 

Dilute sul> 

phuric acid ix) c.o. 5^ c.c. 10 0 c.c. 200 c.c. 50.0 c.c, icon c.c. 

Permanganate - 

required . 19.3 „ 19.3 „ 19.3 „ 19.3 ^ 19.3 „ 19.3 „ 

Effect of Foreign Salts. — When the assay h.is been reduced 
with line vmy'ing of f^dts of this metal pass into solu- 

tion, the amount diqx-nding on tlio quantity of acid and iron 
present. Salts of HrKliiim or ammonium may similarly be intro- 
duced. It is e,^sential to know by experiment that these salts 
do not exert any effivt on the titration. The following series of 
experiments show that as much as 50 grams of zinc sulphate may 
be present without interfering. 

ZiDO Httlpbate present . 0 frram i gram ro grams 50 grams 
Permanganate required . 19.3 c.c, 19.3 c.c. 19.3 c.c. 19.3 c.c. 

Magnesium, sodium, and ammonium salts, are equally without 
effect. 


Ammonic sulphate present 

. c pram 

1 gram 

10 prams 

Permanganate reqaire<l . 

. 19.3 c.c. 

19.2 c.c. 

19.3 C.C, 

8o<lic sulphate present • 

. 0 pram 

I gram 

10 grains 

Permanganate required . 

. 19.3 c.c. 

19.3 c,c. 

19.3 C.C. 

Magnetic sulphate present 
Pemanganate required . 

• 0 pram 

I gram 

10 gramt 

. 19.30,0. 

19.3 C.C. 

19.3 C.C. 


Effect of Varying Amounts of Iron.— It is important to 
know within wlmt limits the quantity of iron in an assay my 
B^ely vary from that used in standardiring. In the following 
experimente the conditions ns to bulk, acidity, and mode <» 
woikiog were the same as before 

f SRoes folphate solution ti^ea 1 ao. to o.a 90 c,e. 0.0. too o.e. 
Parmangamoa nquked . . l o^ 9*7 x 4^9«i 97*7 » 
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1 !Im fflsTOQS aulphate wdution ii bere « titUe weaker than that 
of the permanganate of potasdum, bat the reeoIU show that the 
permanganate required \b proportiond to the iron nreeent 
Ti^tions in Hydroohiorio 8olutionB.«-Tbeae are less 
aatiefactory than those in eulphurio solutions, since an ezceas of 
hjdrochlorie add decompoees permanganate of potaadum, evolv- 
ing chlorine, and dnce the finishing point ie indicated, not by the 
perdstence of the pink colour of the permanganate, but by a 
brown coloration probably due to percbloride of manganese, 
Nevertlieless, if the solution contains only from 5 to xo per cent, 
of free hydrochloric acid (sp. g. 1.16) the results are the same as 
those obtained in a sulphuric acid solution. Equal weights 
(o.z gram) of the same iron wire required exactly 4 he same 
quantity of the permanganate of potassium solution (so c.c.) 
whether the iron was dissolved in dilute sulphuric or dilute 
hydrochloric acid. The follotting series of experiments are on 
the same plan as those given above with sulphuric add solutions. 
A solution of ferrous chlorule was made by dissolving 5.0 x grams 
of iron wire in 50 c.c. of dilute hydrochloric odd and diluting to 
1 litre. The dilute hydrochloric acid was made by mixing equal 
volumes of the acid (.sp, g. x.i6) and water. 

Bate of Atmospheric Oxidation.— 30 ca of the ferrous 
chloride solution were acidified with 10 c.c. of the dilute hydro- 
chloric add and diluted to 1 00 c.o. This solution was exposed cold 
in open beakers. 

Time exposed . , — j hour 1 day t days 3 days 

Pgman^nate required 19.6 0.0. 19.6 oc. 19.$ c.o. 19.4 cc. 19.5 c.o. 

Similar solutions boiled required, before boiling, 20 c.c. ; after 
boiling for one boar, replacing the water as it evaporated, 19.3 
cx. ; and after evaporation to a paste and re<lissolvitig, 17.0 c,c. 

Effect of Vary^g Temperature.— Solutions similar to the 
last were titrated and gave the following results 


Temperature . 
Pexmanganate required 


15* 30* 50* 70^ 

19.8 0.0. 19^6 ae, 19.5 ac. 19.4 cUb 


fiffbet of Varying Bulk.— As before, 30 c.c. of the iron sdt^ 
tton, axxd to c.c. of the dilute acid were diluted to the required 
volumes and tiiiuted. 

Balk 30 ae. too e.0, 500 0,0. toco c.0. 

PemaagMate required . 304 „ say m saS » 31.5 » 

The variaUim due to difference in bulk here, although only 

S tial to an excess of 0.7 milligram of iron for each too c.c. d 
intioii, axe about three times as great aa thoee obaarvad in a 
satphuris add adntion. 
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Bffiaot of Free Hydrochloric Acid.— In the«e eiperimente 
7.0 C . C . of the ferrous chloride solution were used with varying 
quantities of add, the bulk of the assay in each case being 100 c.c. 

IMlute add present * . 5 c.o. 10 ac. 50 c.o. 100 c.e. 

Per m a n ganate regdied . 20.2 „ 20.2 „ 20.$ , 21.0 „ 

The last had a very indistinct hnishing point, the brown color- 
ation being very evaneecent. The effect of the add is modified by 
the presence of alkaline and other sulphates, but not by su^huric 
%cid. Bepeating the last experiment we got — 


Withont farther addition 

• 21.0 c.a 

With 100 c.c. of dilate sulphuric acid . 

* 22.0 „ 

„ 10 gmniB ammonic Kuipbate . • 

. 20.5 „ 

M >10 „ Bodic sulphate . . • 

. 20.0 „ 

n to „ magnesium sulphate 

. 20.4 „ 

H 10 n manganese sulphate • 

, 20.2 „ 


The results with these salts, in counteracting the interference 
of Hie add, however, were not a complete success, since the end- 
reactions were all indistinct, with the exception, perhaps, of that 
with the manganese sulphate 

Fffeot of Varying Amounts of Iron. — ^In these experiments 
the bulk of the assay was 100 c.c., and 10 c.e of acid were pre- 
sent 

Ferrous chloride need . i ae 10 c.e 20 c.e 50 c.c. 100 ee 
Pennaaganale leqaired i.i „ 10.3 „ 20.3 „ 50.4 „ 100.1 „ 

In making himself familiar with the permanganate of potassium 
titration, the student sliould practise hy working out a series of 
experiments similar to the above, varying his conditions one at a 
lime so as to be ccuiain of the cause of any variation in his results. 
He may then proceed to cxpi'riment on the various methods of 
reduction. 

A 9olulion of ferric chlarvU is made by dissolving 5.01 grams of 
iroD wire in 50 c.c. of hydrochloric acid (sp. g. 1.16), and r unnin g 
from a burette nitric actil dilutetl with an e<|ual volume of water 
into the boiling iron solution, until the liquid changes from a 
black to a reddish yellow. About 4.5 c.c. of the nitric add will 
be re(|uired, and the finishing point is marked by a brisk effer- 
vescence. The solution of irem should be conhun^ in an evapoi> 
ating dish, and boiled bri.skly, with constant stirring. There 
ihould bo no excess of nitric acid. Boil down to about half its 
oulk ; then cool, and dilute to one litre with water. Twenty c.c. 
d this solution diluted to 100 c.c. with water, and addified with 
10 0.C, of dilute bydroebloric add, should not decolorise any of 
the pemangaiiate of potassium solotion ; this shows the absenoe 
d ferrous salts. And ao o.e. of the same solution, boUed wiik 
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to tLC* of th« ferrous sulphate solution, should not decrease the 
quantity of ^^permanganate” r6<|uirtHi for the titration of the 
ferrous sulphate added. In a senee of experimonts on the various 
methods of reduction, the following results were got. The modes 
of working were those already de^scribed. 

(1) ITiiA ChUmtie . — Twenty c.e. of the ferric chloride 

eolation required, after reduction with stannous chloride, 30 c.c. 
of '* permanganate.” Fifty c.c. of a solution of ferrous chloride, 
which required on titmtiou 49.8 c c. of ** jieruianganate,” required 
forre-titiation (after sulvsiqueut ivductiou with Ktaimous chloride) 
50 C.C. of the pemianganate solution. 

(2) With SulihurrtUd Uydrogen. — TSvo experiments with this 

gas, using in each 20 c.e. of the ferric chloride solution, and 10 c.c. 
of hydrochloric acid, requin^d (after mluction) 20.2 c.c. and 20.1 
C.C. of “ {permanganate.” Rej>eating the experiments by ptufsing 
the gas through a nearly boding solution, but in other resfpecu 
working in the same way, 2 1 .3 c.c. and 2 1 .6 c.c. of the {lerman- 
ganate solution were required. The sulphur was not hliere^l olT 
in any of these. In anvAher experiment, in which 50 c.c, of the 
ferroua sulphate solution wens titrateil with “ permanganate ” 
48 c.c. of the latter were nx{iured. The tilmtetl solution was 
next nnluced with sulfthu retted hydrogen, bmuglit to the sjimo 
hulk as Isefore, and again ; 47.9 c.c. of the jKsrmaiigjiuate 

of potaasiam st)Iution wer»p rv«{uir<sh 

(3) inVA .SWiim SulphUr, — Twenty c.c. of the ferric chlorido 
aolutiou, reduced with sotlium «ul{i{ule, rotpuis il 19.9 c.c. of “ pt-r- 
manganate.” In one exjKriment 50 c.c*. of the ferrous 8ul{)hule 
solution wore titrated with ptu’tiwmpumte ” ; 49.3 c.c. of the h^i- 
mentiomsl solution were rcs^uimh Tiie titt'at<>d solution w';ts sx*- 
duced with scHliutn sulfdiite, and again titrated; it requiixd 
49.3 c.c, of the ptTmnnganiite of pofa.s.Hium solution. 

(4) liTM iftne. — Twenty e,e, of tins ferric ridorido scdutlon, nv 
duoed with rinc and titrut^ d, recjuijxd 20.8 c.c. of ** is'riuanpi- 
nate.” Fifty c,c. of a s*>lmu>n of ferrous sulpimte whidi iv piired 
49.7 c-c. of “ {Pcsnnangamitc,” required for rerilrjilion, after reduc- 
tion with rinc, 49.7 c.c. 

Tlve J^udettl .shouhl next {traetiso the titration with bichromate, 
which is more especially valn.ahle in the estimation of hydrochlono 
acid solutions, llie following ex |Ksri merits are on the same {sUn 
u those alnculy given. In each experiment (excejit when otlur- 
wise stated) there were prn^nt 30 c.c. of the ferrous chloritie 
toiatioD| and 10 c.c. of dilute hydrochloric acid, a&d the bulk 
300 e.c, 

Mhet of Varying Tdinperataro.->~The qtuintitiea of the bi* 
potassiuui aolutiuu rta|uued were m ftdlowi:"^ 
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Temperatar« , , , 15* 30* 76* loc* 

Biduromate required , 20.2 c.o. 20.3 0^. ^.3 cx. 2a 4 'j a 

Sffbot of Vaiying Bulk.— 

Bulk. . . .50 c.o, 100 C.C. 200 c.c. 500 C.O. 1000 cc. 

Bichromate required 20.4 „ 20.4 „ 20.4 „ 20.5 „ 20.S 

Effect of Varying Acid. — In these, variable quantitiee of 
dilute hydrochloric acid were used. 

Acid present , . , . 10 c.c, 50 c c. loo c.c, 

Bicbromute required . , ro.3 „ 20.3 „ 20.2 „ 

Effect of Foreign Balts. — The effect of tl.e addition of 10 
grams of crystallized zinc sulphate was to decrease the quantity of 
“ bichromate" required fn)m 20,3 c.c. to 20.1 c.c., but the colour 
produced with the test-drop was very slight at 18.5 c.c., and with 
incautious work the hnishing point might have been taken any- 
where between these extremes. Zinc should not be used as a 
reducing agent preliminary to a “bichromate” titration. Ten 
grams of amnionic .sulphate ha<l the effect of rendering the finish- 
ing point faint for about 0.5 c.c. Ix-fore the titmtion was finished, 
but there was no doubt about the finishing point when allowed to 
stand for a minute. The student should note that a titration is 
not completwl if a colour Is developed on standing for five or ten 
minutes. Ten gnims of sodic sulphate had no effect; 20.3 c.c, 
were requirtHl. 

Effect of Varying Iron. — The results are proportional, os 
will bo seen from the following iletaila ; — 

Ferrous chloride 

present. . 1.0 c.c. 10.0 c.c. joo c.c. 50.00,0, ioox>cx. 

Bichromate re- 
quired , . 1.0 „ lo.a „ aa3 „ 51.0 „ 102.3 « 

The student may now apply these titrations to actual assays of 
minerals. The following examples will illustrate the mod^ 
working and of calculating the results : — 

Determination of Iron in Chalybito.— Weigh up z gnm 
of the dry powdered ore, and dissolve in 10 c.c, of dilute sulphuric 
acid and an equal volume of water with the aid of beat Avoid 
evaporating to dry ness. Dilute and titrate. The result will give 
the percentage of iron exiting in the ore in the ferrous state. 
Some ferric iron may l>e present. If it Ls wished to determine 
this also, add (in disHolving another portion) 10 c.c. of dilute 
hydrochloric acid to llie sulphuric acid already ordered, and reduce 
the resulting eolution before titrating. By dissolving and titrating 
(witboni previous reducUon) one ^ a measure of the ferrous 
preset; by dissolving, reducing, and then tiUaiii'g, one oafk 
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measure the total iron ; and ns the iron exists in only two con* 
ditions, the total iron, less the ferrous iron, is the measure of the 
ferric iron. 

3 >eitemination of Iron in Brown or Hod Ores or Meg. 
netite. — Weigh up 0.5 gram of the ore {powdered and dried at 
100* C,), and dissolve in from 10 to ao cx, of strong hydrochloric 
add, boiling until all is dissolved, or until no colour^ particles 
are left. Dilute, reduce, and titrate. 

Determinatiozi of Iron in Pyrites.— Weigh up i gram of 
the dry powdered ore, and phu-e in a btMiker. Cover with xo c.c. 
of strong sulphuric acid, mix well by shaking, and place on tfie 
hot plate ^vitbout further handling for an hour or so until tiie 
action has cea.sed. AUow to coo^, and dilute to 100 cx. Warm 
until solution is complete. Iteduce and titrate. 

Determination of Iron in Substances Insoluble in 
Acids. — Weigh up i gram of the ore, mix with 5 or 6 grams 
of carbonate of and 0.5 gram of nitre by rubbing in a sumll 
mortar, and tran-sfer to a platinum cnicible. Clean out tlie 
mortar by nibbing up another gram or so of »o*lft, and add Ibis to 
the contents of the crutil»lo as a cover. Fuse till tranquil. (Vm»I. 
Extract with water. If the ore rarrit>s much silii‘a, evaporate to 
drynees with hydrochloric acid to se|>anito it. Ke dUsolvo in 
hydrochloric acid, and sejxirale tlie iron by prw'ipitating with 
ammonia and tiltoring. If only a small ijuaiuity of silica h 
present, the aqueous cxtraH of the “ moll" mimt bo filtered, and 
the insoluble rejiiduo washe^l and dlssolvetl in dilute hydrochloric 
acid. Iteduce and titrate, 

A convenient method of at oncesejmrntiitg iron from a solution 
and reducing it, is to add ammonia, sulphundted hydrc^cn 
through it, Wter, and dissolve the pri-cipitato to dilute sulpliuric 
add. The solution, when boiled free from Bulphurvlted hydrogen, 
is ready for titrating. 

STANNOUS CHLORIDE PROCESS. 

The colour imparted to hot hydrochloric acid solutions by a 
trace of s ferric compound is ao strong, and the re^lucing action of 
stannous chloride is m rapid, tlmi a method of titration U band 
upon the quantity of a standard solution of stannous chloride 
required to completely decolorise a solution containing ferric 
iron. This metboti is more especially adhipte^l for the asmy of 
limim containing much ferric iron and of those oxidised ores 
wucb are completely soluble in hydrochloric add. It must I'd 
remimhered, howev'er, tliat it only measurve Uie ferric iron pre* 
tfitf and when (as U generally the case) the total iron ii wanud, 
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it is well to calcine tie weighed purtion of ore preTious to 
solution in order to get the whole of the iron into the higher 
state of oxidation, since many ores which ere generally supposed 
to contain only ferric iron carry a considerable peroent^e of 
ferrous. 

Th$tann(Ai^ M/ruU schdioii k made by dissolving 20 granw 
of the commercial salt (iSnClj.2H,0) in 100 c.c. of water with the 
help of 20 c.c. of dilute hydrochloric acid, and diluting to a litre. 
The solution may l>e slightly opalescent, but should show no 
signs of a precipitate. The strength of this is about equivalent 
to I gram of iron for each 100 c.c. of the solution, but it is apt to 
lea'^n on standing, taking up oxygen from the air, forming stannic 
chloride. A larger proportifui of hydrochloric acid than is ordered 
above w'ould remove the ojwih sccnco, but at the same time increase 
this tendency to atrnosplierie oxidation, as the following experi- 
ments show. Tho sUmiious chloride solution (20 c.c.) was mixed 
with varying amounts of strong hydrochloric acid (sp. g. 
diluted to 100 C.C., and exp-sed in oj>en beakers for varying 
lengths of time; and the re.-idua! stannous chloride measured by 
titnition with |>erii)aiiga[iiite. The quantities required were aa 
follows 

Tim* £ipi^. $0 r « A< iJ. m per cent. Add. i per oeoL Add. 

] hour ... 35-2 c.c. 34.4 c.c, ... 34.5 c.o, 

I day ... 5 0 „ 24.0 „ ... 27.6 „ 

2dayi ... 3.0 „ ... 14.5 „ ... 21.3 „ 

Tliese indicate very cheirlv the mcre:Lsed su.«ccptibility to oxida- 
tion in strongly acitl solutions. 

A iUttuiard «itl\Kion o//rrric chlorule is prepared in the same 
manner as that tle.'itTilied under the expe-ri meats on the methods 
of reduction; but it should he of twice the strength, so that 
100 c.c. may contain i gnim of iron. This stdution is used for 
sUindardising tho stannous chloride wdien recjuire<l ; and must be 
c-arefully pre|«ir(Hi ; and tested for the presence of nitric acid. 

The titration is more limited in its application than either of 
the oxidising proces.‘^?s lHHau.se of t he restrict ions as to bulk, quality 
and qmintity of free acid present, and other conditions of tho 
solution to be assAye<l. The following experiments show the con« 
litions necessary for a sucavs.sful titration. 

ElTeot of Varying Tomper&turo.— Twenty c.c. of ferric 
chloride solution with 20 c.c. of strong hydrochloric acid, diluted 
to 50 C.C,, gave the following results when titrated 

Tsmperatare ... 15* 30* 70* 

StjUQDotu chloride required 22.8 ac. 22,00.0. 22.1 c,c. 

TIm flniabing point, however, is more distinct the hotter ttys 
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•olutioQ ; 10 that it is best in all eaMs to run the standard into 
the boiling solution. 

Sffeot of Varying Bulk.~Solution8 contwning tbe same 
quantity of iron aiid acid as the last, but diluted to various bulks, 
and titrate^i while boiling, gave the following results : — 

Ealk 30 c.c. 100 o.c. 500 C.C. 

Btaauoiu chloride required . ai.5 „ ai.7 „ 24.3 ,, 

£ffeot of Varying Quantities of Hydrochloric Acid— In 
these experiments the bulk before titration was 50 c.c. except in 
the last, in which it %vas 70 c.c. With less than 5 c.c. of strong 
hydrochloric acid the finishing pomt is indistinct and prolonged. 

StroM hydrochlorio 

acid preaent . 5 oa 10 OA 20 c o. 30 c.c. $0 c.c. 

Stannoua chloride 

requiaNl . . 31.1 ^ 21.1 „ 21.2 „ 21.S „ 22 2 „ 

Kffect of Pros Sulphuric Acid. - In these ox})orimpnl9 20 c.c, 
of hydrochloric acid were present, and tins bulk was 50 c.c. 

Strong sulpbaric add 

present . . . — oc, 3 CA 5 C.C. 10 0 , 0 . 

SunnoQS chloride 

required. , . ai.6 „ 32.3 „ 22.9 „ 23.1 „ 

This interference of strong sulphuric acid may bo ttjmp’etriy 
countmeted by somewhat modifying the mo<lo of wuiking. 
Another experiment, like the of this series, required 2 1 .6 c.c. 

HfTeot of Foreign BalU.— Kx|ierimenta in which 10 gmius of 
various fcdts were adtled showed thora to be without eJTt»ct, The 
results were as follows : — 

Salt p^^wfat . , . AmCl Ani^SO^ MgCl, 

SUumous (;hlorido required 31.6 c.c. 21.6 c.c. ai.6 c.o. 21.6 0.0. 

Salt preecail . . Caf\ IVCH, Al,cn, 

Stannou* chloride required 21.8 c.c, 31.6 c.c. 21.6 c.c. 

Effoct of Varying Iron.— Titrating a solution (with 30 c.c. of 
hydrochloric add) measuring 50 c.c,, and kept boiling, the qtian* 
tity of stannous chloride solution required u pracUoally propQ^ 
tional to tbe iron present. 

Ferric chloride 

added . . 1 0.0. 10 CA 20 OA 50 C.Q. 100 C,C. 

StaonoM chloride 

reqaired , , M p ta$ „ 20.S « 5*^ » 1026 « 

Tbo student, having practised some of the above ex|«riments, 
nay proceed to the assay of an iron ore, 

Betarminatlon of Iron in Brovn Iron Ora.^Weigh up 
1 giua of tbo dried uid powdered ore, oakane in the cover of % 
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planum crucible, and disBolvro up in an evaporating dish* with 
to 0.0. of strong hydrochloric acid. When solution is complete, 
dilute to 50 c.c, after replacing any acid that may have been 
evaporated. Boil, and run in the stannous chloride solution until 
the colour is faintly yellow ; boil again, and continue the addition 
of the stannous chloride Kolution, stirring continuously until the 
solution appears colourless. Note the quantity of the stannoiis 
chloride solution required. Supjs>se this to be 59 cx. Take 
60 c.c. of the standard ferric cldoride solution, add 20 c.c. of 
hydrochloric acid, bcjil and titrate in the siimo way as before. 
Suppose this to require 61 c.c. Then as 61 is equivalent to 60 of 
the iron solution, 59 is e<juivalent to 58.13.! This gives the per- 
centage. It is not iKKXss.'iry to standardise the stannous chloride 
solution in this way with each sample assayed, the ratio 61 : 60 
would serve f<ir a whole batch of samples ; but the standardising 
shouid be n.q)eatcd at least once each day. 

COLOEIMETEIC METHOB. 

This method is valualde for the determination of small quantities 
of iron pr^nt as imjiurities in otlxr metals or ores. It is based 
on the coloration deve!o|>ed l>y the action of potassic sulpho- 
cyanato on acid of ferric suits. 

Slattdard Firric H’Antiou . — Take i c.c, of the ferric 

chloride solution ust-d for standaniising the stannous chloride 
solution, odd 2 c.c. of dilute hydn>chloric acid, and dilute to i litre 
with water, t c.c. o.oi miUigram. 

Si^uiion of Poiamic — Dissolve 60 grams of the 

(Salt in water, and dilute to a litre. It should be colourless. Use 
10 c.c. for mch test. 

The quantity of the gulisUnoo to be weighed for the assay 
should not contain more th.an a milligram of iron ; consequently, 
if the ore contain more tluin o. i per cent of that metal, less than a 
gram of it must be taken. 

The method is as follow.s : — Weigh up i gram of the substance 
and dissolve in a suitable acid ; <Ulu(e ; and add permanganate 
of potash solution until tintcil. lk>il for some time and dilute to 
100 C,C. Take a couple of Nes.der tubes, bedding over 100 cc., 
but marked at 50 c.c, ; Ul>el them i ” and 2 ” j and into each 

* Aboct s Inches in dinmetcr. 

t 6t : 60 : : S 9 : 5813- 

Theiroo inlheomiii, thm, the same in amonnt ai that in 5S.13 e.c.of the 
fwrlc chknide eulution ; and “^ince 100 c.c. of tlic latter contain 1 gnun of 
lion, sill cx, of the same contains 0.5S13 gram of iron; and, further, if 
I gram of ore carriea thb .imounl of iron, 100 grama of ore will obviously 
KIv* 58.13 gramf of Iron. 
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pat 10 c.c. of the potassc siilphotTanate solutioa and 9 e.0. of 
dilute hydrochloric add. The soludon? should be colourless. To 
" add 10 C.C. of the assay solution, and dilute to the 50 c.c. 
mark. To the other add water, but only to within $ or 10 c.c. of 
this mark. Now run in the standard ferric chloride solution from 
a small burette, i c.c. at a time, stirring after each addition till 
the ccdour is nearly equal to that of the a.ssay (No. 1). At this 
stage bring the solution to the wane level by diluting, and make 
a further addition of the standanl ferric chloride solution till the 
colours correspond. The amount of iron will bo the same in each 
tube; that in the standaril may Imj known by rending off the 
rolume from the burette and inultipUdng by o.oi milligram. 

If the 10 c.c. of the assay solution gave a colour requiring more 
than 5 or 6 C.C. of the standard ferric chloride solution, rept*at the 
determination, taking a smaller proiK)rtioa. 

The effect of varriug conditions on the assay will be seen from 
the following experiments 

Effbot of Varying Tomperaturo.— The effect of increase of 
temperature is to lessen the colour ; in hict, by boiling, the colour 
can be entirely reinove^l. All a-ssays are best carricHi out in tlie 
cold. 

I C.C. at 15* would only show the colour of 0.75 c c. al 45 * 

* . u H « 1.75 

5 .. « « .. 4 o „ 

SlTeot of Time. “The effi-ct of incrwise of time w to iocre.ise 
the ccdour, m will be seen fnnn the following exjH^riments 

2 c.c. on »t4uiding 10 minutes became equal to 2 35 c o. 

a H 30 „ .. „ 3.75 « 

3 m „ 40 h h m S-oo h 

Sffect of Free Acid “ If no acid at all be present, the sulpito- 
cyanate of potassium solution n>moves tbo 1 olour it drat prodiux^, 
so that a certain amount of acid is neces.s;iry to develop the colour. 
The Uiie of a Urge exa^ has a tendency to increase the colour 
produced, 

5 C.C- citric acid (fp. g. 1 4) ckw! 3 7 c.c. irintpad of 2 0 , 0 . with the dilute 
arid. 

5 00 tolidiaric add (sp. g. 1.33) read 2.3 oc. ia^^Uad of 2 00. with the 
dilate acid. 

5 oc. hydrorhloric add (sp, g 1.16) read 1.50c, instead of 200. with the 
dilate add. 

Sflbct of Foreign Hetali.“l4ead, mercury, cadmium, bU 
noth, anenic, tin, antimony, nickel, cobalt, manganeee, aluminium, 
zinc, eUtmtium, barium, oaldum, ma^oaium, sodium, or potassium, 
when separately present in qiianiittoe of from 100 to 200 
tbf weight of iron preaent, do not interfere if tiiey have previouftly 
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been brought to their highest oxidised condition by boiling with 
uitrio acid or by treating with permaaganate. Arsenic and phos- 
phorio adds interfere unless an excess of free hydrochloric or 
other add is present Oxalic add (bub not tartaric add) in minute 
quantities destroys the colour. Nitroiiii acid strikes a red colour 
with the suipbocyanate of potissium ; consefjuently, when nitric 
add has been used in exca^a, high rcisults may be obtained, Copjjer 
and some other metals interfere, so tbit in most cases it is advis- 
able to concentrate the iron l>efore estimating it. A blank expe- 
riment should always lie made with the reagenta ased in order to 
determine the iron, if any, introduced daring the solution, Ac., of 
the substance ass^iyed. 

Determination of Iron In MetaUio Copper.— This may be 
most conveniently done during tlio a-stimation of the arsenic. The 
email quantity of white ihx'culcnt precipitate which may be ob- 
eerved in the acetic fund solution before titrating, contains the 
whole of the iron as ferric ars^aiate. It should be filtered off, 
dia^ived in lo c.c, of dilute hydrochloric acid, and diluted to 
loo c.c. ; 10 c.c. of thi« may be taken for the estimation. For 
example : lo grams of copper were taken, and the iron estimated ; 
3.0 C.C. of standard ferric chloride solution were used, equivalent 
to 0.03 milligram of iron ; this multiplied by 10 (because only 
Y*^th of the sample was taken) gives 0.3 milligram as the iron in 
10 grama of copper. ThLs espials 0.003 

In a series of ex pc^ri merits with this method working on lo-gram 
lota of copfier, to which known quantities of iron been added, 
the following were the results : — 

IroDprewnt , . 0015*/, 0070*/, 0.100 'A <M957. 

Iron found . 0.015 „ ao6i ^ ojoS; „ 0522 ,» 

When no arsenic is present in the copper, the iron can be eepa- 
rate<l by frnctionally precipitating with sodic carbonate, dissolving 
in ammonia, and filtering off the ferric hydrate. Coppers genO’ 
rally carry more iron (he less arsenic they contain. 

Dotormi&ation of Iron in Metallic Zinc, — Dissolve i gram 
of rinc in to c.c. of dilute hydrocldoric acid, a<lding a drop or two 
of nitric add towards the end to effect complete solution. Boil, 
dilute, tint with tlie [)emianganate of potassium solution ; bod 
till colourless, and dilute to 100 c.c. Take lo c.c. for the deter- 
mination. Make a blank ex|>erimont by iKiiling to c.c. of dilute 
hydrochloric add with a drop or two of nitric add ; add a siinilar 
quantity of the permangan.ate of potassium solution, boiling, kc^ 
M before. The qtmntity of iron in rinc varies from less than 
0*005 more ilmn j.o cent. When t gram is tiiken and 
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irorke<f as above, each o.c, of ferric chloride solution required indi* 
cates 0.0 1 per cent of iron. 

Botermination of Iron in Kotallio Tin.'-<-Gover i gram of 
tin with 5 e.c. of hydrochloric acid, add i c.c. of nitric acid, and 
evaporate to dryness. Take up with s c.c. of dilute hydrochloric 
acid, add lo c.c. of the potassic sulphocyanute solution, and make 
up to 50 c.c. Probably the colour developed will be brown instead 
of red owing to the presence of copper : in this case, add to the 
standard as much copper as the assay is known to contain (whioli 
must have previously been detormin^; see Copper)} the titration 
is then carried out in the usual w'ay. 

Or the iron may be separated from the copper in the tin by the 
following process Dissolve 5 grams of metd in 30 c.c. of hydro- 
chloric add and 5 c.c. of nitric acid, and evaporate to drynt^ss. 
Take up with 5 c.c. of dilute hydrochloric acid, add 10 grams of 
potash dissolved in 30 c.c. of water, and warm till the tin is dis- 
solved. Pass sulphuretted hydrogen, boil, cool, and filter, Tlie 
iron and copper will be in the precipitate. They are separated in 
the ordinary manner. 

PRACTICAL EXERCISES. 

1. CaJciiUte from the following delcrmlnetioiu the percentages of 

fcTToas, ferric, and total iron in the Nimplo of ore u«c<l, 

1 grain of ore dissolved and titrated required 26.7 c.c. of 
bichromate of potassium solution. 

1 gram of ore dissolved, re<luccd, and titrated required 43.5 c.c, 
of bichromate of potassium iolntion. 

Standard ^ 1.014. 

2. One gram of an ore contained 0.307 gram of ferrona iron and 0.655 gram 

of total iron. The iron existing aa oxide, what are the ^>cr< 
ceotages of fertoos oxide (FeO) and ferric oxide (Fe.O.) in 
tbeoreT 

3. One gram of brown iron ore disaolved In hydrochloric acid required 

59.3 c.c. of stannous chloride (standard - 0 930). Another gmin 
mssolverl in acid and titrated with ** permanganate " required 
8.2 c.c. (standard=a495i)* Calculate the percentages of ferrous, 
ferric, ai^ total iron. 

4. Another gram of the same ore, roasted, dissolved and titrated with 

stannous chloride, required 63.$ cn. To what extent does this 
result confirm the others f 

5. Two grams of a metal were dissolved and diluted to too c.o. Five ao. 

were taken for a coiorimetiio determination, and required 4.5 c.c. 
of the standard ferric chloride solulioA. What W the peictnUgS 
•firon in the metalf 
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NICKEL. 

Nictel and cobMt arc closely related in tbeir cKemical proper- 
ties, and may best be considered together. Nickel is the (X)miuoiier 
of the two, and is met with in commerce alloyed with copper and 
tineas German silver; ns also in the coinage of theUnit^ States 
and on tho Continent. It is used for plating polished iron and 
steel goo<ls, forming a coating little liable to rust and taking a 
good polish. Tlie ores of nickel arc not very common. Kupfer- 
nickel and chloanthite are arsenides of nickel with, generally, 
more or less iron and colxalt. Noumeite and garnierito are 
hydrated silicates of nickel and magnesia. The chief sources of 
nickel ore these silicates, which are found in large quantity in 
New Caledonia ; and a pyrites found in Norway, containing three 
or four per cent, of tho meUl. In smaller quantities it is more 
widely distributed, being frequently met with in copper ores; 
consequently, commercial copper is rarely free from it. 

Nickel is reiulily soluble in moderately concentrated nitric acid. 
Its salts are mostly green, and soluble in excas.s of ammonia, 
forming blue solutions; in these respects it resembles copper. 
The acid Bolutions, however, are not precipitated by sulphuretted 
hydrogen, althcmgh in alkaline sedations a black sulphide is 
formed which is insoluble in dilute hydrochloric acid. If the sul- 
phide is formed in a solution containing much free ammonia, the 
precipitation is incomplete, «iine sulphide remaining in the solu- 
tion and colouring it dark brown. These reactions sene to dis- 
tinguish and 8e|i:irato nickel from other meUb, except cobalt. If 
the separated sulphiile be heated in a borax bead, the colour 
obtained will bo a sherry brown in the outer flame, and grey or 
colourless in tho inner flamo if nickel only is present. In the 
presence of cobalt the^e colours are marked by the intense and 
characteristic blue yielded in both flames by that metal 

DBY ASSAY. 

iTto dry assay of nickel (cohalt being at the same time deter- 
mined) is based on the formation of a sj>eise which will carry the 
cobalt, nickel, copper, and some of tlie iron of the ore in combina- 
tion with arsenic. A speiso of this kind, fused and exposed at a 
ted heat to air, first loses arsenide of iron by oxidation. It is 
only when the iron has been oxidised that the arsenide of cobalt 
begins to bo attacked ; and when the removal of the cobalt is 
complete, tho niokel commences to pass into the slag, the oop^ 
left tin last The changes are rendered evident by fnaou 
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in contact with bomx The proceas is aa followa : — Weigh up 5 
grams of the ore^ and calcine thoroughly on a roasting dish in the 
muffle. Bub up with some anthracite, and re-roast. Mix inti- 
mately with from 3 to 5 grams of metallic arsenic, and heat in a 
small covered clay crucible at dull redness in a muffle until no 
more fumes of arsenic come off (about 1 5 minutes). Take out the 
crucible, and inject a mixture of 30 gmins of carbonate of soda, 5 
grams of flour, and a grams of fused borax. Place in the wind 
fumace, and raise the temperature gradually until the charge is 
in a state of tmnijuil fusion. Pour; when cold, detach the 
button of s{)oise, and weigh. 

Weigh out carefully a jwrtion of about i gram of it. Place a 
shallow clay dish in the muffle, and heat it to bright redness ; then 
add about 1.5 gram of borax glass wrapped in a piece of tissue 
[^per ; when this has fused, drop the piece of fipeiso into it. Close 
the muffle until the sj>eise hiis melted, wliich should be almost at 
once. The arsenide of iron will oxidise lirst, and when thi.s hai 
ceased the surfae'e of the button bnghteus. Keuiove it from liie 
muffle, and quench in water as soon as the button has solidified. 
The borax should be coloured slightly blue. Weigh : the lo« is the 
ar^nide of iron. Repeat the operation with the weighed button 
on another dish, using rather less borax. Continue the Krorification 
until a film, green when cold, floating on the surfa^'e of the button 
ahows that the nickel is beginning to oxidise. Cool, separate, and 
weigh the button os Indore. The loss U the arsenide of cobalt. 

If copjjer is absent, the sptdse is now arsenide of nicked. 

The weight of nickel com^sponding to the arsenide got Ls cab 
ciliated by multiplying by 0.607 ; and, similarly, the weight of the 
cobalt is ascertained by multiplying the h»ss in the last scorifica- 
tion by 0.61 5.* It mu.st be remem l)eretl tiuit the nickel and 
cobalt so obtainetl are derived from a fnu tivjn only of the speiso 
yielded by the nre taken, so that the results must be multiplied by 
the weight of the whole of the speise, and divi^leti by the weight 
of the fragment used in the detcrminali< n. As an example, 
suppose 5 grams of ore gave 3,3 grams of speiao, and i.i gram of 
this gave 0.8 gram of nickel arw nule. Then — 

0.8 X 0.607 « 0.4S56 gram of nickel 
0.4S56 X 3.3-f M m 1.456 gram of nickel 
And this being obtaine^i from 5 grams of ore is equivalent to 39. is 
per cent. 

When copper is also present, weigh up accurately about 0.5 
gram of gold, and phu» it on the scorifier with the button of 
and copper arsenide, mdog borax as before. Scorify until 
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thf button fihowB the biuish-green colour of a fused gold'Coppei 
alloy. Then cool, and weigh the button of copper and gold. Th 
increase in weight of the gold button gives the copper as metal 
The weight of the copper multiplied by 1.395 ^ weight of the 
copper arseidde (Cu,zVs) present. The difference will be the 
nickel arsenide. 

The student should enter the weighings in hia book as follows : 

Ore taken , , — grams 

Bixjifio got . • — 

8pel»e taken 

Axseuides of nickel, and cojjpor 

nickel and copier 
Gold added 
Gold and coj jx r got . 

SUowUig Colialt , 

Nickel . 

CopiJtr 


WET METHODS. 

Solution and Separation.— Two or tliroe gnims of a rich ore, 
or 5 to 10 gi'am'* if poor, are Uken for the assay. If much 
arMeiiic is present (as is usually tlie case), the ore must be cilcined 
lK‘fore attacking with acids. Transfer to a flask ; and boil, first 
with hydrx)chloric acid until tbe oxides are dissolved, and then 
with the help of nitric acid, until notliing metalliferous is left. 
Dilute, nearly neutralise with sotl.a, and sepjirate the iron as basic 
acetate,* os <lescnlied in page Through the filtmte pass 

sulphuretted liydrogen till fain rated. Allow to settle (l)est over- 
night), filter, and w itsh. Tninsfer the precipitate to a beaker, and 
dissolve in nitric acid. Dilute with water, p.a.s.s sulphuretted 
bydregen, and filter off the pn*cipiiute, if any. Boil off tbe gas, 
axhl ammonia until a precipitate is foruml, and then .-icidify some- 
what strongly with acetic acid. Pjuss sulphurettetl hydrogen in a 
ilow stream until any white prtY'ipiUite of zinc sulphide, there may 
be, begins to darken. Filter; to the liltnUo add ammonia, and 
puss sulphuretted hydrogen. The precipitate will contain the 
nickel and colwlt as .sulpliides. 

Where small quantities of nickel and cobalt are present, and an 
ipproximate determination Is sutlioirnt, they can be concentrated 
as follows; — Remove the copper, Ac., by jxnssing sulphuretted 
hydrogen through the acid solution and filtering ; add ammonia 

* With large quantities of iron tbe ferric precipitate should be r» 
^••olved ami rchptta'ipitMcd. Tbe fdtrate nrust be added to the origioa] 
fiitmu. 
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to the filtratet and again pass sulphuretted hydrogen ; then heat 
nearly to boilings and filter. Dissolve the predpitote off the filter 
with dilute hyd^hloric aiid ; the residue will contain nearly all 
Uie nickel and cobalt as sulphides. 

Separation of Kio^el and Cobalt. — Dissolve^the sulphides 
separated as above in nitric acid ; render alkaline with a solution 
of potash, then acidify with acotjc acid ; add a concentrated solu- 
tion of niirik of potash. ^'The Uquid after this addition must haw 
an acid n^ciion. Mow to stand for 24 hours in a worm plag *. 
Filter off the yellow pfeH^tate of mlnlTof potastT^ cobaltTahd 
wash with a 10 jwr cent, solution of acetate of potash. The colmlt 
is determined in the precipitate in the way descril>ed under Coixilt, 
The nickel is separateti from the solution by bi>iling with sodio 
hydrate, filtering, and dijvsolving the precipitate in nitric add. 
ITie solution will contain the nickel. 

QRAVlMETHlTli^^ 

The solution, which contains the nickel free from other metals, 
is heated, and a solution of sodic hydrate addeil in slight 
Tlie precipitate is filtered off, washed with boiling water, dried, 
ignit^ at a retl heat, and weighed w b^n etdd. The ignited sub- 
stance Is nickel oiide (NiO), and ooTjtiiins 7S.67 per cent, of nickel. 
The oxide is a gn^n powder, n^adily and completely soluble in 
hydrochloric acid, !Ln<l without action on litmu.s j^tper. It is very 
esusily mluc*"«bby ignition in bydrt'gen to metallic nickel. 

Nickel is also determined by electrolysis, as follows;— The nitric 
acid solution U rendered 
stnuigly annnomacal, and 
pbic*vl under the electrolytic 
apparatus used for the copjwr 
assiiy. Three cells (fig. 56), 
however, must be used, 
coupliHl up for intensity, that 
is, with the wnc of one con* 
nccted with the copper of tho 
next. The elect roly.sis is 
allowed to go on over night, and in the morning the nickel will be 
deposited as a bright and coh*’rent fdm, A portion of the solu- 
tion is drawn off with a pipette ; if it sm<dls of ammonia, has nc 
blue odour, and gives no precipiUU) with amrootde sulphide, tk* 
tepantion is complete. Wash the cylinder containing the 
posited metal, first with water and then with alcohol, as in ths 
copper amy. Dry in the water oven, and weigh. The iucrosAO 
in weight is metallic nick^ 
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an example : — ^Tbere was taken i gram of a nickel alloy used 
for ooiu^^e. It was dissolved in lo c.c. of nitric acid, and diluted 
to 100 c,c, with water. The copper was then precipitated b/ 
electrolysis. It weighed 0.734 gram. The solution, after elec- 
trolysis, was \reated with sulphurotted hydrogen, and the remain- 
ing copper was thrown down as sulphide, and estimated oolori- 
metrically. This amounted to 3^ milligrams. The filtrate was 
evaporate, treated with ammonia, warmed, and filtered. The 
ferric hydrate was dissolved in dilute acid, and reprecipitated, dried, 
ignited, and weighed. Its weight was 0.0310 gram. The two 
filtrates were mixed, and reduced in bulk to about 50 c.c.; a 
considerable exo^ of ammonia was added, and the nickel precipi- 
tated by electrolysis. It weighed 0.2434 gram. These quantities 
are equivalent to : 

Copper , , , 73.75 per cent. 

Nickel , . , 24.34 ,, 

Iron » « . 2,17 „ 

ICO. 26 

VOLUMETRIC DETERMINATION. 

An alkaline solution of potassium cyanide, to which a little 
potashium io<!ido has bee n added, can be assayed for its strength in 
cyanide by titmting with a standard solution of silver nitrate. 
Nickel int^t res with this assay, doing the work of its equivalent 
of silver; and the quantity of nickel present can be calculated 
from the amount of iU interference in thetitpition A volumetric 
ai«ay for nickel is b;ised on this. It has the disadvantage of 
all indirect titrations in tliat it requires two standard solutions. 
On the other hand it gives good results even under unfavourable 
conditions, and is applicable in the presence of much rinc. Small 
quantities of col>&lt will count as so mucli nickel, but larger quan- 
tities make the assay unworkable. Some of the other metals — > 
lead for example — have no appreciable effect ; but practically the 
solution demands a preliminary treatment which would result in 
tiieir removal. Nevertheless it is a very satisfactory method and 
makes the determination of nickel quick and comparatively easy 
in moat cases. 

TU ^ndard 9 (dulion of silvtr hitraU is made by dissolving 
14-48 grams of recryhtalliM.Hl hih er nitrate in distilled water and 
dUutmg to 1 litra : 100 c.c. of this solution .are equivalent to 0.25 
gnua d nickel.* 

• 4 KCr + NiRO, » K5NiCT,+ 

akCy AjjNUj js KA^Cyi +• 
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Tht tiandard «o/ti^*on of pota$$ium oytmide should be made so as 
ko be exactly equal to the silver nitrate solution. This can be 
•done as follows: Weigh up la grams of good potassium cyanide 
(9S P®** w*it.), dissolve in water, add 50 c.c. of a 10 per cent, 
solution of sodium hydrate and dilute to i litre. Fill one burette 
with this and another with the solution of silver nitrate. Kun 
50 C.O. of the cyanide into a flask ; add a few drops of potassium 
iodide solution and titrate with the standHixl silver nitrate until 
there is a distinct penuaiieut yellowish turbidity. Tlie titration 
is more fully described under Cyanide, p. 165. The cyanide 
solution will be found rather stronger than the silver nitrate; 
dilute it so as to get the two solutions of equal value. For 
example, 51.3 c.c. of silver nitnite may have been required: then 
add 1.3 c.c. of water to e;ich 50 c.c. of the c>iiiude solution re- 
maining. If the full 950 c.c. are availalde, then add to them 
24.7 c.c. of water. After mixing, take another 50 c.c. and titnito 
with the silver nitnite; the two sohitions should now be exactly 
equal. The cvanide solution, being stroiigly alkaline with soda, 
keeps very well ; but its strength should be checked from time to 
time by titrating with silver nitmte; should there bo any slight 
inequality in the strengths of the two solutions it is easily 
allowed for in the c.dt'uUtions. 

The titration. —The solution, containing not much more than 
0.1 gram of nickel, and free from the interfering metals, must 
cooled* It is next neutrali.sed and then made htruiigly alkaline 
with a solution of sotla (NallO); an excess of 20 or 30 c.c. sutlkes. 
This will produce a precipitate. The cyanide solutii»n is now run 
in from a burette until tlie wdution clears, after wliich an exws.s 
of al)Out 20 c.c. is added. It U well to u.^U! some round number 
of c.c. to simplify the cjdculaiion. Atld a few droj^s of potassium 
iodide solution, and run in tho standard s/>lution of silver nitrate 
from a burette. Tins shoubl be done a little at a time, though 
somewhat rapidly, and with constmt shaking, till a permanent 
yellow predpitite ap|)ear8. if tlie addition of tho cyanide did 
Dot r^ult in a perfc^ly clear solution, this is because somothing 
besides nickel U present. The residue may be filtered off, thou;:h 
with a little practice the finishing-point may be detected with 
cert^nty in the pr«»onco of a small precipitate. If the atudent 
has the slightest doubt aliotit a fiiiish lie should run in another 
5 cjo , of the cyjtnide and again finish with silver nitrate. The 
seo(md result will bo tho s.amo as the first. For eimmple, if 40 c.c. 
of ejmiiido and 30 c.c. of silver nitrate were required at tho first 
titmtioD, then the 43 c.c. of cyanide in the second titration will 
require 35 cx, of alver nitrate. The difference between tho quan- 
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titaes of the two solutions used in each case will be lo c.e. It is 
this difference in the readings of the two burettes which measures 
the quantity of nickel present. Each c.o. of the difference 
equal to .0035 gram of nickel. But if the cyanide solution is 
not exactly equal in strength to the silver nitrate, the quantity 
of cyanide um should be calculated to its equivalent in silver 
nitrate before making the subtraction. 

The following experimental results illustrate the accuracy of 
the assay and the effect upon it of varying conditions. A solution 
containing i gram of nickel sulphate (NiS 0 ^. 6 H, 0 ) in 100 c.c. 
was used. By a separate assay the sulphate was found to contain 
22.25 per cent, of nickel. For the stike of simplicity the results 
of the experiments are sbited in weights of nickel in grains. 

Effect of varying excess of Cyanide Solution.— In each 
experiment there was 20 c.c. of the nickel solution, equal to .0445 
gram of nickel. There were also 10 c.c, of soda solution, 3 or | 
drops of potassium iodide and sufficient water to bring the bulk 
to 100 c.c. before titrating. 

CrAnide in exce«« . . .6 c.c. 4 c.c. S c.c. 12 o c. 25 c.0. 

Nickel foand . , . ,0434 .0436 .0440 .0442 .0444 

Although the difference lietween the highest and lowest of 
these results is only i millignim, their meaning is quite obvious. 
The excess of cyanide should not be less than 20 c.c. 

Eflbot of varying the quantity of Soda.— There were 
two series of experiments, one with 2 c.c. of nickel solution 
(— .0044 gram of nickel), the other with 20 c.c. The conditions 
were as before, except that the quantity of soda was varied. 

Soda added 5 c.c. 15 c.c. 30 c.c. 

Nickel found, ist serial . . .0037 .0042 .0045 

„ „ 2od series . . .0444 .0444 .0442 

These show that the presence of much soda, though it has only 
a small effect, U beneficial rather than otherwise. Ammonia has 
a bad effbet, if present in anything like the same quantities. 

Effeot of varying the Nickel. — In experiments with 10, 
20, and 40 c.c. of the nickel solution, the results were : — 

Nickel present .0222 .0445 

Nickel found 0220 .0442 .oS^ 

Bffbot of Zino. — In these experiments 20 c.c. of nickel 
folution (**.0445 gram of nickel), 10 c.c, of soda, 6 drops of 
potassium iodide and water to 100 c.c. were used. The excess of 
cyanide was purpi^ely kept at from 10 to 1 5 c.c., which is hardly 
Bufficient. 

Zioc added . . , , o .25 gram. Sgnoi, 

Nickel found . . JQ44B <0440 .cqo; 

S 
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(hi iaontaiQf the txcm d cfiiii 4 e to fo c.a tml doublin, 
tb« qoeatitjr of loda, the ttpwuM^t with 0.5 grtm «oc 
SU4I gnua of mekel. Hcaico the tiUwtioii ie HaitTector^ i« the 
pre6eDC0 0/ xioc provi JeJ fl!wf OOt /iPW £h«a io or jo c.c. of 
ftodA are used, «id that the ejc«8i of cymdo if fuch that aot 
fewer than 70 or 30 c.c. of silver nitrate are required in tho 
titmUon. Moreover^ these precautions should be twon whether 
one is present or not. 

£fiD90t of other Metals. — If metals 0! the first and second 
groups are present they should be removed by passing sulphur- 
etted hydrogen and altering. If wn is present it must be 
removed, since ferrous ^ts use up much cyanide, forming ferro- 
c)'anides, and fei-ric salts yield ferric hydrate, which obscures tbe 
end reaction. Hence the sulphuretted hydrogen must be boiled 
off and the iron removed as basic ferric acetate by the method 
described on p. 233. If the precipitate is bulky it should be 
dissolved in a little dilute acid, neutralised and agtdn precipitated 
as basic acetate. The nickel will be in the two In the 

absence of manganese and cobalt ibe titration may be made 
without furtlier separation. 

Manganese does not directly interfere, but the precipitated 
hydrate, which rapidly darkens through atmospheric oxidation, 
o^^ures the end reaction. It may be removed by passing sul- 
phuretted hydrogen through the filtrate from tbe acetate separa* 
tion: sulphides of nickel cobalt and rinc will be precipitated, 
whil^ manganese remains io solution: the addition of more 
sodium acetate may assist the precipitation. The precipitate 
must l)e filtered off and dissolved in nitric add: the aolutioa 
should be evaporated to dryness. The filtrate may retdn a little 
nickel ; if so, add ammonia till alkdine, then acidify with acetic 
acid and again filter ; any small precipitate obtained here aboulJ 
be added to that first obtained. 

It » only when cohnli is present that any farther separation is 
required. Cobalt hydrate takes up oxygen from the air, and on 
adding potassiom cyanide some may refuse to diasolTe ; and the 
F>]ation itself acquires a brown colour, which becomes deeper on 
standing. At this stage the cohalt is easily separated. The solu- 
tion containing the nickel and cobalt with no great excess of acid, 
is made alkaline by adding 30 c.c. of soda ezi^y u in preparing 
for a titration. So, too, ibo solution of cyanide is addea so as to 
have an excess of 20 or 30 c.c. ; the solution may have a brown 
sokmr, btti if it is not quite clear it mui be filtm). Then 
warn (boiling is not needed) and add from 50 to 100 o.c, of 
btonliia water. This throws down all the nick^ as black; peroddd 
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Take 0.5 gram ol the dinsolve id 50 c.c. of water and add 
25 c.C. 0! solution of soda. Run in from a burette, say, 60 c.c. 
♦♦cyanide,” Add a few drops of potiujsium iodide and titrate 
back with “silrer nitrate” Suppose 15.5 c.c. of the latter is 
required. Then 15.5 c.c. subtracted from 60 c.c. leaves 44.5 c.c., 
and since 100 c.c. — 0.25 gram of nickel, 44.5 c.c. will equal 
0,11125 gram of nickel. This in 0.5 gram of the salt equals 
22.25 per cent. 

Determination of Nickel in German Silver. — Weigh up 
0.5 gram of the alloy, and diasuhe in a dish with 5 or 10 c.c. 
of dilute nitric acid. Add 5 c.c. of dilute sulphuric acid and 
evaporate till jdl the nitric acitl is removefi. Cool, take up with 
50 c.c. of water, and when dis.solved pass sulphuretted hydrogen 
through the solution. Filter off the precipitate and wash with 
water containing sulphuretted hydrogen and dilute sulphuric 
arid. Boil down the filtrate and wiishings to get rid of the 
excess of the gas ; a<ld some nitric ncid and continue the boiling. 
Cool, neutralise the excess of ariil with soda, add 1 gram of 
sodium aevtate nnd Ixjil. Filter otf the precipitate which contaiM 
the iron. The filtrate, cooled and rendered alkaline with soda, is 
ready for the titration. 


COBALT 

Oocurs less abundantly than nickel. Its chief ores are smaltite 
and cobaltitc, which are arsenides of cobalt^ with more or less iron, 
nickel, and copper. It also txxurs as arseniate in erythrine, and 
as oxide in asbolan or earthy cobalt, which is essentially a wad 
carrying colmlt. 

It is mainly used in the manufacture of .<malt« for imparting a 
blue colour to glass and enamels. The oxide of cob^t forms 
coloured compounds with many other metallic oxides. With oxide 
of due it forms “ Rinmans green” ; with nluminta, a blue ; with 
Kagoesis, a pink. This property is taken advantage of in the 
detection of aulwtances before the blow -pi (>o. 

The ooropoiinds of colmlt in most of their properties closely 
Nsemble those of nickel, and the remarks as to solution and 
separation given for the latter metal apply here. Solutions ef 
eobalt are ptnk, whilst those of nickel are green. 
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ol eebak. •»« ta firjr smII qtMwiity, b 

^hj^arngtlwiXileorri^ »/>•»• ,q 

boti in the oxiiiisiag tod ia tht ndudog &IB 0 . It it c»aa;i. 
trated from the ore m the eame way aa nickef, and ahouid b« 
separated from that metal by means of poUsiiio nitrite in the way 
described. The dry assay of cobalt has been given under Nkkci 


GBAVIKETBIO IfETHOD. 

The yeflow precipitate from the potassium nitrite, after beinj 
washed with the acetate of potash, is washed with alcohol, drie*!, 
transferred to a weighed porcelain crucible, and aiutiously ignitcjl 
with au excess of strong sulphuric acid. The heat must not ho 
Bu£Seient to decompose the sulphate of cobalt, which decomposi- 
tion is indicated by a blackening of the substance at the cdgts. 
The salt bcare a low red heat without breaking up. If blockeu^ 
ing has occurred, moisten with sulphuric acid, and ignite again. 
Cool and weigh. The substance is a mixture of the sulpbat^ of 
cobalt and potash (aCoSO^ <f 3K,SOJ, and contains 14.17 per 
cent, of cobalt. 

Cobalt is also gmviinetrically determined, like nickel, by elec- 
trolysis, or by precipitation with sodic hydrate. In the Utter 
case, the ignited oxide will be somewhat uncertain in composition, 
owing to its containing an excess of oxygen. Consequently, it is 
better to reduce it by igniting at a red heat in a current of 
hydrogen and to weigh it os metallic cobalt. 


PRJtCTICAt KXKRClSKa 


k. In the dry assay of an ore containing cobalt, nickel, and copper, the 
following result* were obtained. Calculate the percenlipca. 
Ore taken, $ giams. Speise formed. 0.99 gram. Spelse taken, 
a99 gram. Arsenide* of cobalt, nickel, and copper got. 075 gram. 
Arsenide of nickel and copper got, o $4 gram. Oold added, 0.5 
gram. Gold and copper got, 0.6 ( gram. 


t. Chlcnlaui the fwrrenUge composition of the following oompoondi: 
CVa. NMi*. and Co^ 

y. A aample of mispickel contain* 7 per cent cobalt. What wdght 
of the mixed snlphate* of potash and cobalt will be obtained in a 
gravimetric determination on ( gram of tbe ore t 


4 - ©.3157 gram of metal wa* deposited by the electrolyili of a nickel 
and oobalt soUtlon. On dissolving in nitric acid and determining 
the cobalt 0.2^3 Kvam of potassium and cobalt snlpbatea wnra 
jo^nnd the weight* of oobalt and nickel present to the 


c What ihoald be the percentage eoapeeltioik of pore co baltlH. Ite 
(btanla being GoAsd t 
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zmo. 

WSM te commoDl^ M milphlde (bUnde) *, u 

()m oocttt* M <MWte (odunme) md alii'ste (imilWmU\. 
'Eacb 0! theie is sufficienUy abundant to be a source of the 
metal. 

The metal ia known in commerce as “ spelter ” when in ingots, 
and as sheet zinc when rolled. It is chiefly used in the form of 
alloys with oopper^ which are known as brasses. It is also used 
in the form of a thin fllmf to protect iron goods from rusting 
—galvanised iron. 

Ores of zinc, more especially blende, are met with in most lead, 
copper, gold, and silver mines, in larger or small quantities 
scattered through the lodes. Those ores which generally come 
under the notice of the assayer are fairly rich in zinc; but alloys 
and metallurgical products contain it in very varying proportions. 

Zinc itself is readily soluble in dilute acids ; any residue which 
is left after boiling with dilute hydrochloric or sulphuric acid 
consists simply of the im purities of the metal; this is generally 
lead. 

All zinc compounds are either soluble in, or are decomposed by, 
boiling with acids, the zinc going into solution. Zinc forms only 
one series of salts, and these are colourless. Their chief charac- 
teristic is solubility in an alkaline solution, from which sulphu- 
retted hyditjgen produces a white precipitate of zinc sulphide. 
Zinc is detected by dissolving the substance in hydrochloric or 
nitric acid, boiling, and adding sodic hydrate in excess, Altering, 
and abiding ammonic sulphide to the filtrate. The precipitate 
contains the zinc, which can be dissolved out by boiling with 
dilute sulphuric acid, and detected by the formation of a white 
precipitate on the addition of potassic ferroc^'anide. 

The dry assay of zinc can only be made indirectly, and is nn- 
ntiafactory. Zinc is volatile, and at the temperature of its 
reduction is a gas. It is impracticable to condense the vapour so 
as to weigh the metal, consequently its amount is determined by 
loss. The following method gives approximate results : Take 10 
grams of the dried and powdered ore and roast, fits! at a low 
temperature and afterwards at a higher one, with the help of 
carbonate of ammonia to decompose the sulphates formed ; cool 
and weigh. The metals will be present as oxides. Mix with 
s grams of powdered charcoal and charge into a black-lead 
crucible heatw to whiteness, cover loosely, and leave in the 
famaoe for about a quarter of an hour. Uncover and caldne the 
rMdue, cool and weigh. The loss in weight multiplied by 8.03 
gives the percentage of line in the 
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WBT MBTHODS. 

Solution nnd separation may be ©fleeted as follows : Treat i or ^ 
grains of the substance with 10 or 30 c.c. of hydrochloric acid or 
aqua regia; evaporate to dryneea; take up with 10 c,c. of hydro- 
chloric add and dilute to loo c.c.; heat nearly to boiling; 
saturate with sulphuretted hydrogen ; filter, and wash with water 
addulated with hydrochloric add. Boil olf the sulphuretted 
hydrogen and pei-oxidUe with a few drops of nitric add. Cool ; 
add caustic soda till nearly, but not quite, neutralised, and separate 
the iron as bade acetate by the metiiod di^cribed under Iron, To 
the filtrate add ammonia till alkaline, and p^tss sulphuretted 
hydrogen. Allow to settle and decant on to a filter. Dissolve 
off the predpitate from the filter with hot dilute hydrochloric 
add. The solution will contain the sine, together with any man- 
ganese the ore contained, and, perhaps, lnu*os of nickel and cobalt. 
If the line is to be determined volu metrically, and manganese is 
present) this latter is sepamted with carbonate of ammonia, as 
described further on ; but if a gravimetric method is used, and 
only small quantities of manganese are present, it Is better to 
proved as if it were absent, and to suU^uently deter mine its 
amount, which should be deducted, 

OBAVIMBTBIC DETKBMIKATION, 

Hie solution containing the rinc is contained in an evaporating 
dish, and freed from sulphuretted hydrogen by boiling, and, if 
necessary, from an excess of acid by eva[x>mtion. The evaporat* 
ing dish must be a large one. Cautiously add sodium carlwnate 
to the hot, mocieraUly dilute solution, until the liquid is dis- 
tinctly alkaline, and boil. Allow the precipitate to settle, decant 
on to a filter, and wash with hot water. Dry, transfer to a 
poroelain crucible (cleaning the paper as much as possible), add 
the ash, imite, and weigh. Ttie substance weighed is oxide of 
line, which contains $0.26 per cent, of the meuh It is a white 
powder, becoming yellow when heated. It must not show an 
alkaline reaction when moistened. If it contains manganese tins 
QWtal will be present as ses^uioxide (Mo,Ot). Its amount can 
be determined by diseolving m dilute acid and boiling with an 
exoeai of aodic hydrate, ^e oxide of manganese will be pro* 
cipiuted, and can be ignited and weighed. Its weight multiplied 
by 1.03$ must be deducted from tme weight of oxide of riuc 
^wevionaly obtained. The reaolU yielded by the gravimetric 
demuattioa are likely U> be lu|b, the base carUmale of 



auc. 

itoe frequently ouries down with it more or lees bo& which is 
difficult to wash offi 

VOLUMETBIO DETEBUINATION 

Thu method ia based on the facts that zinc salts in an acid 
eolation decompose potassium ferrocyanide, forming a white in- 
eoluble eIdc compound ; and that an excess of the ferrocyanide 
can bo detected by the brown coloration it strikes with uranium 
acetate. The method resembles in its working the bichromate 
iron assay. The standard solution of potassium ferrocyanide Ls 
run into a hot hydrociiloric acid solution of the zinc until a drop 
of the latter brought in contact with a drop of the indicator 
(uranium acetate) on a white plate strikes a brown colour. The 
quantity of zinc in the solution must be approximately known ; 
run in a little less of the ferrocyanide than is expected will be 
secosaary ; test a drop or two of the assay, and then run in, one or 
two c.c. at a time, until the brown colour is obtained. Add 5 c.c. 
of a standard zinc solution, eqiuvaleut in strength to the standard 
** ferrocyanide," re- titrate, and finish olF cautiously. Of course 
5 c.c. must be deducted from the reading on the burette. The 
precipitate of zinc ferrocyanide formwl in the assay solution is 
white ; but if tmet^s of iron are present, it becomes bluish. If 
the quantity of ferrocyanide required is known within a few c,c., 
the finishing point U exactly determined in the first titration 
without any addition of the standard zinc solution. Unfortunately 
this titration serves simply to replace the gravimetric determina* 
iion, and does not, a« maiiy volumetric processes do, lessen the 
necessity for a cf)inpieto sepandion of any other metals which 
ai^ present. Mo^t meuds give precipitates with ferrocyanide of 
potasuum in acid solutions. If the conditimis ai^ held to, the 
titration is a fairly good one, and ditferenees in the results of an 
assay will be due to error in the separation. Ferric hydrate 
precipitated in a fairly strong solution of zinc will carry with it 
perceptible quantities of that metal. Similarly, large quantities 
of copper precipitated as sulphide by means of sulphuretted 
hydrogen wl carry zinc vrith it, except under oertaiu nicely 
drawn conditions. When much copper is present it is best 
separated in a nitric acid solution by electrolysis. < The titration 
of the noo takes less time, and, with ordinary working, is more 
tnutworUiy than the gravimetric method. 

tiamdemi faroeyanide aoliUion is made by dissolving 43.2 
mou of potassium ferrocyanide (K,FeCy,.3n,0) in water, and 
diltiting to a litre. One hundred c c. are equal to 1 gram of 
liiM, 
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J%$ $tmuhrd tmo toluiion u made by dueolving 10 grama of 
pore xioo in 50 ca of hydrochloric acid aod 100 or 200 o.c. of 
water, and dUuting to 1 litre, or by dissolring 44.15 grams of 
line sulphate (XnS0j.7H,0) in water with 30 c.c, of hydro- 
chloric acid, and diluting to x litre. One hundred c.c. will 
contain i gram of rino. 

Tht vremtum aoeiaU aoliUicn is made by dissolving 0.2 gram of 
the salt in loo c.c. of water. 

To standardise the " ferrocyanide " measure off 50 c.c. of the 
standard sine solution into a xo os. beaker, dilute to 100 c.c., and 
heat to about 50* C. (not to boiling). Run in 47 or 4S c.c. of the 
** ferrocyanide ” solution from an ordinary burette, and hnish olV 
cautionsdy. Fifty divided by the quantity of ‘'ferrocyanide’' 
solution required gives the standard. 

In assaying ores, I'c., take such quantity as shall contain from 
0.1 to 1 gram of sine, separate the zinc as sulphide, as already 
directed. Dissolve the sulphide off the 6ltcr with hot dilute 
hydrochloric acid, which is Ijest done by a stream from a wash 
liottle. Evaporate the filtrate to a paste, add 5 c.c. of dilute 
hydrochloric acid, dilute to 100 c.c. or 150 c.c., heat to alwut 
50* C., and titrate. Manganese, if present, counts as ao much 
zinc, and must be specially separated, since it in not remove*! by 
the method already given. The following methfKl will effect its 
removal. To the hydrochloric acid solution of the zinc and man' 
ganese add M^Uum acetate in large excess and pass sulphuretted 
hydrogen freely. Allow to settle, filter off the zinc sulphiiie and 
wash with sulphuretted hydrogen water. The predpitale, fn*id 
from mangan^, is then dissolved in hydrochloric add and titrated, 

The following experiments show the effect of variation in the 
conditions of the a-sjeiv : — 

££fbct of Varying Temperature.— Using 20 c.c. of the 
standard zinc solution, 5 c.c. of dilute hydrxjchloric add, and di- 
luting to 100 c.c. 

Temperature . 15* C. 30* C. 70* C. lOO* C. 

" Ferrocranide " required 20.6 c,c. 2 a 3 oc. 203 c.c. 2a3 C.C 

The solution can l^e bcatrd to lioiling before titrating without 
interfering with the result ; but it is more convenient to work 
with the solaticn at about 50* C. Cold solutions must not he 
used. 

Bflbet of Varying Bulk,— These were all titrated at about 
50* C., and were like the last, but with varying bulk. 

Bulk .... 25,0 C.O. 500 C.C. toao e.c. 2000 e.a 

** Ferrocyanide ** required 202 „ 204 » 20.3 » 204 » 

kny oftiinaiy variation in bulk hii no ^ect 
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Bffbot of Varj^g Hydroohlorio Acid.— With 100 c.c. 
bulk and varyiog dilute hydrochloric acid the results were 

iuold addad ao 04s. li) oo. $ 4 ) o.a loo e.e. 304) o.c. 
“Femxjjaiilde" 

required . H4 m i* JW.3 „ 203 „ 20.7 „ 

Kfibot of Foreign Salto. — The experiments were carried out 
under the same conditions as the others. Five grams each of the 
following oalto were added 


fiait added . . .| 

** Ferroojinide " required 


Ammonic Ammouic Sodium Sodium 
chloride. soJ phate. chloride, sulphate. 
20.3 O.C. 205 c.c. 2 oA ac. 30.4 C.C. 


Salt added 


Potassium Magnesium 
nitrate. sulphate. 


NiL 


Ferrocyanide” required 30.3 0.0. 30 4 ac. 20.4 c.c. 


In a series of experiments in which foreign metals were present 
to the extent of 0.050 gram in each, with 20 c,c. of zinc solution 
and 5 c.c. of dilute hydrochloric acid, those in which copper 
sulphate, ferrous sulphate, and ferric chloride were used, gave (as 
might be expected) so strongly coloured precipitates that the end 
reaction could not be recognised. The other result were - 

KerocTinWe " 
rrti aired. 

With nothing added * 20.3 0.0. 

„ OL050 gram lead (ae chloride) . . . ^.9 „ 

„ 04350 „ man^cse (as smpbate) * 25.5 „ 

• 0.050 H catimium (as sulphate) . . 23.5 „ 

H 0.050 M nickel (as solpbi^) . . 26.2 „ 


Xllbot of Varying Zinc.— These were titrated under the 
usual oonditioDS, and gave the following results:— 


2ioo added . IjOo.c, iaoo,a ao.oc.c. 50.0 c.c. too.oc.c, 

“ Ferrocyanide " 

requirM . i.i „ lox „ 30.3 ^ 5 a6 „ toi4> „ 


Dotermination of Zino in a Sample of Brasa.— Take the 
soIutitHQ hwm which the copper h^ been separated by electrolysis 
a..d pass solphuretted hydrogen until the remaining tmces of 
coppw and the lead are predpitatod, filter, boil the solution free 
from sulphuretted hydrogen, put in a piece of litmus paper, and 
sdd aodio hydnufce amation in slight excess ; add 10 c.c. of dilute 
hydrochloric arid (which should render the solution add and 
riear); warm, and titrate, 

A sample of 0,5 gram of brass treated in this manner required 
C.C. of **ferroqyanide*' (standard too c.c. » 0.9909 line), 
>^iuch equals >.163$ gram of xlnc ur 32,$ per cant. 
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Detttttittition of Zino in BleiLde.---l)iBBol?t t grmm qf th« 
flried and TOwdered Bample in 9 $ e.c, of mtrio add with the help 
of two or three grama of potassium chlorate dissolved in the add 
Evaporate to complete dryneee, taking oiTe to avoid apirting. 
Add 7 ^prame of powdered ammonium ddonde, 15 ae. of stroDg-^ 
ammoma and 35 e.o. of bdling water ; boil for one minute ana#^ 
see Uiat the reddue is aU softened. Filter through a small filter, 
and wash thoroughly with small quantities of a hot one per cant, 
solution of ammonium chloride. Add 35 o.c. of hydrochloric add 
to the filtrate. Place in the solution some clean lead foil, say 10 
or 80 square inches. Boil gently until the solution has been 
rolouriess for three or four minutes. Filter, wash with a little 
hot water ; and titrate with standard ferrocyanide. 


Determination of Zino in Silver Preoipitate.^Thui pre> 
dpitate contains lead sulphate, silver, copper, iron, sine, lime, &c. 
Weigh up 5 grams of the sample, and extract with 30 c.c. of dilute 
sulplmric acid with the aid of heat S 5 eparato the copper with sul- 
phuretted hydrogen, peroxidise the iron with a drop or two of 
liitric add, and separate as acetate. Render the filtrate ammo 
nrncal, pass sulphuretted hydrogen ; warm, and filter. Dissolve 
the precipitated tine sulphide in dilute hydrochloric acid, evapo- 
rate, dilute, and titrate. Silver pred pi tales curry about 3.5 per 
ckitiL of line. 

OASOICETRIC METHOD. 

Metallic tine is readily soluble in dilute li v drool iloric or sulphuric 
fU'id, hydrogen being at the same time evolvcth* The volume of 
the hydrogen evolved Is oliviously a measure of the amount of 
cine present in the metallic »^tate. The Ki)eed with which the 
ruction goes on (even in the cold) and the insolubility of 
hydrogen renders this method of assay a convenient one. It is 
espedally applicable to the determination of the propordon of 
riiic in sine dust. The apparatus described in the copter on 
gusometric method is used. The method of w orking is as follows : 
Fill the two burettes with cold water to a little awve the sero 
mark, place in ihe bottle about 0.35 gram of tbo substance to be 
determined, and in the inner phial or test tube 5 e.o. dilute 
enlphnm a^ ; cork the apparatus tightly and allow to stand for 
% few miniitec; Uien brinff the water to the same level In the tan 
bovettas by running out trough the clip at the bottom. Rea<^ 
adrtbelevdcf the liquid in ue graduated burvtta Turn the 

• Se -f- HAO, - H, e 
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bottld OTW iuflciently to Bpill the add over the ane, and then 
run water oat of the appamtua so as to keep the liquid in the 
two burettee at the same leveli taking care not to run it out more 
quickly than the hydrogen is being generated. When the volume 
of gas ceases to increase, read off the level of the liquid, deduct 
the reading which was started with ; the difference gives the 
volume d hydrogen evolved. At the same time read off the 
volume of air in the ^Wolume corrector," which must be 
alonj^de the gas burettes. Make the correction. For example : 
A piece of zinc weighing 0.2835 gi*®® was found to give 9^.9 c.c. 
of gas at a time when the corrector read 104 c.c.* Then the 
corrected volume is 

X04 ; 100 1:99.9 • »* 
ar=96.o c.c. 

100 C.C. of hydrogen at o* C. and 760 mm. is equivalent to 0.2912 
gram of zinc ; therefore the quantity of zinc found is 

100 : 96 :: 0.2912 : x. 
x- 0.2795 gram of zinc. 

This being contained in 0.2835 metal is equivalent to 

98.5 per cent. 

As an example of a determination in which reducing the 
volume of liberated hydrogen to o* 0. and 760 mm. is avoided, 
the following may be taken : — 

0,2315 gram of pure zinc gave 82.1 c.c. of gas; 
and tlje volume of air in the corrector was 103.6 c.r, 

^•2835 8^01 of the assay gave 99.9 c.c. of gas ; 
and the volume of air in the corrector wjis 104.0 c,c. ; 

104 : 103,6 :: 99.9 : x. 

*=99.5 C.C. 

This is the volume of gas got in the assay if measured under 
the same oonditions as the standard, 

82.1 : 99.5:: 0.2315 : 
x»o.28o6. 

Then 0.2835 : 0.2806 100 : «. 

X B 9S.9 per cent. 

As these amays can be m^e quickly, it is well for the sake of 
peater accuracy to make them in duplicate, and to take the mean 
of the readings. One set of standardisings will do for any 
number of amays. The student must carefully avoid unnecessary 
handling of the bottle in which the zinc is dimolved. 

Ooloiimetrlo Methotl^Zmo salts being oolourieas, there is 
oolwimetrio determination. 

* XheM 104 an. are equivaleat to looaa of dry air at 0 C.and 760 warn 
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XXAMINATTOH OF OOHMBROIAL Smra 

Take 20 grams of sino, and dissolve them in dilate nitrio acid ; 
boiif allow to settle; filter; wash, dry; ignite the precipitate, 
if any, and weigh as oxide of tin. Exaniino this for arsenic. 

Lead. — Add ammonia and carbonate of ammonia to the liquid, 
and boil, filter off the precipitate, wasi) with hot water. Dip<.st 
the precipitate with dilute sulphuric acid ; filter, wash, and weigh 
the sulphate of lead. 

Iron. — To the filtrate from the sulphate of lead add ammonia, 
and j^is8 sulphuretted hydrogen ; dig<^, and filter. (Save the 
filtrate.) Dis^dve the precipitate in hydnx’hloric acid, oxidise 
with nitric acid, and precipitate with aminouia. Wash, ignite, 
and weigh as ferric oxide. Calculate to iron. 

ArsODio.“To the filtrate from the sulphide of iron add hydro- 
chloric uciii in slight exoe.srt ; filter off, and wash the precipitate. 
Kinse it back into the l>eaker, dissolve in nitric acid, filler from 
the sulphur, and add ammonia, in exct^, and magnesia mixtua\ 
Filter off the animonic intigne^iic arsenate, and wash with dilute 
ammonia. Dry, ignite with nitric acid, and weigh os magnetic 
pMau^^^nate. Calculate to arsenic, and add to that found with 
the tin. 

Copper. — To the filtrate from the ammonia and ammonic 
carbonate add suljdairic acid in small ext-esSjand passsulphurcUlrJ 
hydrogen. Allow to settle, filter, and wusin Rinse the prewnpi- 
tateinto a beaker, boil with dilute sulphuric acid, and filter. (iSavo 
the filtrate.) Dry, bum the paper with the precipitate, treat 
with a drop or two of nitric acid, ignite, and weigh as cofqcr 
oxide. Calculate to copper. 

Cadmium. —To the filtrate from the sulphide of copper udtl 
ammonia, so as to nearly neutralise the excess of acid, and 
•iulphuretted hydrogen. Collect and weigh the procipiute m 
aidmium siiJphide, as described under Cadnii^nu 

mOTtCAL CLKRCISSa 

I. Wbat weight of hydrogen wiU ba avelvad lit dtuKdriaf I gram of tlno 
in dUottf nQiphurio aci 1 f 

t. How many c.c. would this quantity of hydragao maasora at o* 0 . so 4 
760 tD.m. I ( t litre weighs ox>8^ gram). 

^ as} gram of xinc are found*to give 77.9 e.e. of hydrogen. 1° 
another ex|)rri(nent under lb# •sme rondiUoni* S0.2 c.e. sre 
What '•f tine wae tuad lor ibe saooiid axperiinent t 



CADXIU 3 I. 269 

^ A Maple of blende If foand to contain 55 per cent, of zinc. What 
paroentage of ilnc eolphide did the Bampie contain 7 

5. How niDcb metallio lead would be precipitated frcnn a eolation of 
lead acetate bj 1 gram of lino 7 

CADMIUM. 

Cadmium ctocuiu in nature as cadmium sulphide in greenocldtej 
CdS, which ia very rare. It is widely diffused in calamine, blende, 
and other tine ores, forming, in some cases, as much as 2 or 3 
per cent, of the ore. Oxide of cadmium forms the brown 
blaze ” of the zinc smelters. 

Sulphide of ca/lmium is used as a pigment (cadmium yellow) ; 
and the metal and some of its salts are useful reagents. 

The salts of cadmium closely resemble those of zinc. The 
hydrate^ however, is insoluble in excess of potash, and the 
sulphide is insoluble in dilute acids. It forms only one series of 
salts. 

Cadmium U detected by giving with sulphuretted hydrogen in 
solutions, not too strongly add, a yellow precipitate, which is 
insoluble in solutions of the alkalies, alkaline sulphides, or cyanide 
of potassium. 

Solution and Separation. — Substances containing cadmium 
are soluble in acids. The solution is evaporated to dryness (to 
render any silica that may be present insoluble) and taken up 
with lo C.C. of dilute hydrochloric acid. Dilute to 100 c.c., and 
pi88 sulphuretted hydrogen. Filter, digest the precipitate with 
so<U, wash, and boil with dilute sulphuric acid. Filter; the 
hltrate oontains the cadmium and, possibly, a small quantity of 
Einc, from which it is best separated by reprecipitating with 
lulphuretted hydrogen. 

OaAVlHETEIO BETKBMINATION. 

The solution containing the cadmium freed frtim the other metals 
is precipitated with sulphuretted hydrogen in a moderately-acid 
solution. The precipitate is collected on a weighed filter, and 
washed, first with an acid solution of suiphurette<l hydrogen, and 
afterwards with water. It is ilried at 100* C. and weighed. If 
free sulphur is suspected to be present, extract with bisulphide of 
carbon, and again weigh. The residue is cadmium .sulpliide, 
which contains 77.78 per cent, of cadmium. It is a yellow 
powder ioeoluble in solutions of the alkalies, alkaline sulphides, or 
cyanide of potassium. It dissolves readily in acid. It cannot be 
ifimted in a current of hydrt^en without to^ 
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VOLUIOmUO MBTfiOD, 

TlMMliitkm cooUiniDl tl» b «one«i»r«l»(i by arnponi. 

tioD, Uid mixed with ui excMi « onuie aekl aitd •kobol. 1^, 
nredpitete i» filtered, wmhed with •kohot, diMoteed in hot 
hjdr^arie 1^ wd titnted with permMtguwte of pntn^.unL 



CHAPTER Xri 

TIR .-TUH GBTBN.— TIT ARITJM. 

TIN. 

^ oxide occurs in nature as cassiterite, and this mineral is the 
source from which the whole of the tin of commerce is derived. 
Tantalite, col um bite, samarskite, fer^usonite, and some other 
allied minerals contain tin oxide in small quantities, rarely 
reaching 5 or 6 per cent. Tin sulphide is found in combina- 
tion with other metallic sulphides in the following minerals: 
stannite, Cu,FeSny,; frankeite, Ph^8n^b,8j,; cylindrite or ky- 
lindrite, Pb^D,Hbj8„ and canfieldite, Ag,SnS,. Metallic tin 
has been found in a few localities. Tin oxide has been found in 
some ill-defined silicates and in the welbcrystallised mineral 
stokesite, CaSDSi,0,.2H,0. In very small proportions it has 
also been found in mica and other rock-forming minerals, and it 
occurs somewhat frequently in the ochreous sediments from hot 
springs. 

Oassiterite is a mineral which varies much in quality, and 
consequently in appearance and other characters. At its worst 
it is a loose im pad liable powder, resembling putty powder as 
usually sold, and liable to manifold impurity. Usually this form 
is coherent in hard crasU and nodules, or it is more or less 
irregularly disseminated in quartz or other stony minerals. The 
name **Wood Tin'* properly belongs to the hard crusts and 
Doduleei but may be used for the other varieties. At its beet 
cassiterite is gemdike, well crystallised, and has an excellent 
lustre; it is not far removed from pure oxide of tin in compo- 
sition : the cryst&l-building forces have rejected foreign materials. 
The name cas^terite when strictly used is applied to the well- 
crystallised mineral, and to only so much of the rest as can be 
shown by chemical and physical tests to be identical with it ; in 
this sense wood tin may ho described as unformed cassiterite. 
The cry^alline grains of ordinary tinstone and the coarser 
crystals may be described ns imperfectly formed cassiterito, iua:^- 
much as the oryatal-buildiog forces have been at work, but have 
Mi Mooesded in exdading foreign substances. 
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Mineralogieta in defining caseiterite demand a spedfio gravity 
between 6.8 and 74 and a content of 95 per cent or more of 
3xide of tin. A miner, looking for his ore underground, would 
oave in bU thoughts a materi^ with from 85 to 9$ per cent, of 
oxide of tin with a specific gravity from 6 to 6.8. A tin-dresser, 
who has to separate the oxide of tin from the rest of the ore ns 
sent up by the miner, liaa a still broader view. The lower limits 
of the material as he conceives it would not be higher than 5 for 
the specific gravity and 65 per cent, for the content in oxide of 
tin. A critic, judging the efficiency of various methods of savin 
oxide of tin from diHei*ent ores, should bear in mind the probi- 
bility of the existence of material even poorer in tin and with u 
yet lower specific gravity. Not all mines would produce such 
material, and those which did would not all produce it in quan> 
titiee of equal importance. In each case its existence would need 
to be shown.* The application of the name cassiterite to such 
material is an extreme and unfortunate example of the use of 
this name for all native oxide of tin. 

Tin an as taken from the lode contains from i to 5 per cent, 
of caenteriie, and is mainly made up of quartz with clay, chlorite, 
f^par, tourmaline, and other stony minerals, together with more 
or leas mispickel, pyrites, chalybite, copper pyritea, oxide of iron, 
and wolfram. The cJVisiterite has a specific gravity oonsiderahly 
higher than that of the vein-stulF (3.5 to 3.0), and is conoentrat<-<t 
by water on various appliances until the lighter material is 
removed. The concentrate is then roasted to disintegrate the 
mispiekel, chalybite, pyrites, and copper pyrites, which are for the 
meet part con%*erted to oxidee of iron and copper ; these oxi<les 
and the remaining stony matter are for the most part removed 
by a subsequent washing. When the ore contains much wolfram 
a powerful magnet U employed for its separation. Tlie concen- 
trated product is known as “ Black Tin " when it is in such 
a condition that it can be sold to the smelter. It consists of 

* The tin collected by the vanning SMay will be moch less than tiiat 
contained in the ore. The black tin from the vanning aaeay mixed wiih 
fued lead chloride will *e{Mraie into two or three fmetione, a« il 1 u»tratH 
by the following exampte ; a U the portion, lighter than the liquid, 
which c^iected at the top ; b U the portion mixed with the lead chlo< 
rtdft aod therefore of the Mine density as It ; and c U the heavier portion 
which collected at the bottom. 

« 6 c 

Weight of fraction . .241 gram .o6t gram 481 gram 

Weight of tin in It . .oSj .. .036 „ ,347 •. 

experiment*, tming a heavier liquid (teail bromide) and a licldet 
«M (lead emoiride mixed with tome eodiam chloride}, give farther tvidenc* 
as to the aMan of the materiaL 
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perUcles of caBsiterite with particles of such other minerals as are 
heavy enough to be concentrated at the same time ; it is sold 
with from 5 to 12 percent, of water. The chief constituente of 
black tin are oxide of tin, silica, alumina, and oxide of iron, 
together with arsenic, sulphur, oopfier, tungsten, titanium, 
tantalum, 4 a, which are present for the moet part as oxides; it 
may contain from 50 to 75 per cent of tin. 

The black tin does not contain the whole of the tin which was 
present in the original ore. If the ore contained stannite, for 
iDstanoe, aa far as pnictiaiole, this mineral would be rejected. 
In crushing the ore some of the cauisiterite is reduced to an 
impalpable powder; this mixed with water forms a mud or slime 
which presents exceptional difficulty in its treatment. Suspended 
in dear water, the fine.st portion of this slime tin subsides with 
incredible slowness; and vvlieii mixed with two or three hundred 
times Ite weight of cliy like material its complete separation is a 
problem which has not yet been solved. The proportion of tin 
icJuce<l to slime vari(M with two factors — namely, the method of 
crushing and tlie nature of the ore. 

From the point of view of the a.s.^yiyer, there are three distinct 
problems in connection with tin ores. The first and simplest is 
fls to how much tin the ore contiins; this can be answer^ onlv 
by a wet method of assaying. The second is how much black tin 
(and of what quality) lije ore yields on treatment by a method 
which imitates that of ihe ore-dressing plant of the mine; this 
demands a vanning assjty, with a determination of the tin in the 
(oncentrate as obuintHl by the vanner. The third is to exftlain 
any exceptional dirfereru'e in these two results, and to assist in 
reducing that dififeronce in the actual operations on the dressing 
floors. 

The method of as.s:iyingorps in tin mines is still mainly, though 
not exclusively, that known as v.inning; it is described in detail 
l»eiow. At its simpU^j't, with no more elalwmte apparatus than a 
shove) Wjd a tub of water, a skilled man will separate the black 
tin from the sand in a verv* few minutes. Vanners are, as a rule, 
skilful men and show remark.able dexterity, more especUlly when 
the quantity of the black tin is being determined. The process 
loaves much to the judgment of the vanner ; one man may work up 
a richer concentrate than another, and necessarily gets a smaller 
quantity. Different vannera, all good men, but accustomed to 
work with difierent qualities of black tin, will vaty in their 
ri'sulU on a strange ore, pnibably for this reason. Nevertheless, 
duplicate assays are coiu'ordant, and in practice the returns from 
the dreasing floors are in the long run in Inu mony with them. 

The method will probably continue in use, iu spite of improvqjl 

B 
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wet methods of assaying for Un ; and a careful oonaideration of 
its merits and limitatioos is called for. With an ore in which 
the tin occurs as a granular ciissiteri to of moderately good quality 
a vanner will get results which will compare not unfavourably 
with those obtained by the older wet methods. For example, a 
vanner reported a sample ore to yield qi lbs, of black tin to the 
ton, and that the black tin contained 70 per cent, of tin. This 
was equivalent to 81 lbs. of oxide of tin to the ton. Two wet 
assays gave 80 lbs, and 84 llxs. of oxide of tin to the ton. To get 
such results the vanner mvist be allowed to do the finer crushing 
of the ore for himself. It would be easy to cru:ih the ore ho finely 
that a very large proportion of the caasitcrite would be lost as 
rfime tin. 

There are ores in which some loss is apparently unavoidable, 
and with which vanners agree among timiaselves as to the 
amounts of black tin cajmble of being saved by their methoil. 
The following vanning results are of this kind. The figures in- 
duate pounds of black tin to the ton of ore. The results of wet 
assays on the same ores are given as pounds of metallic tin to the 


ton of ore. 

Taaniag 

33^5 

36.5 


390 

42.0 

43 -S 

43*5 

Wet aaiay 

iyS 

37-5 

39.0 

42.0 

42.0 

42.0 

42.0 

Vaiming 

43-5 

450 

47-5 

So -5 

52.0 

56.0 

70.0 

Wet assay 

.|6.o 

45.0 

51.0 

49-0 

Sao 

60.0 

71.0 


It will be note^i that the figures of the vanning assays cor* 
respond with those of the wet assays within a pound or two to 
the ton. The vanner could only accomplish this by losing, say, 
30 per cent, of the tin contained in the ore, and he do^ it 
ooosistently on all the samples. Other vanners working on the 
Mima ores would do it also. Ail the ores in this series were from 
the same mine. The following series, made on ores from another 
mine, wUl show that Uie nature of ore is the decisive factor 
in determining the loss. The results are stated as before. 

Tanning 33.0 700 83.0 83.0 93.0 900 174.0 

Wet assay 13.0 48.0 sS*o y >*5 37-0 37 *o 

These seven reeulU are selected out of Uiirteen as those in 

which the wet ansay figures are about two-thirds of those on 

the vanning reports. Tiding all thirteen results, if the vanner I0.4 
no tan at si!, his black tin must have contained at the lowest 60, 
and at the highest 76 per cent, of the metal It is clear that 
any rule for calculating the wet result from the vanning one can 
have only a limited application. But the vanning assay seeni!> 
Imvo a Tsry important ute. This c»n be iUustrated the fol* 
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lowing facts. Six samples of ore by wet assay gave each a result 
of 50 of metallic tin to tbe ton ; the vamuDg results on the 
same ores in pounds of black tin to the ton are respectively 
4St 4^'Sf 5^1 57’ 59’ ^3* differences in the vanning 

results correspond with differences in the commercial value of the 
ores which are of the highest importance. As might be ex- 
pected, vanning is of little use in testing slimes and the tailings 
from the dressing-fioors. 

Tbe wet method of assaying tin ores was based on tbe behaviour 
of cassiterite to acids, in which it resembled quartz and the most 
inert stony minerals. This fact allowed of tbe separation of 
mispickel, pyrites, wolfram, and other metalliferous minerals by 
treatment with a<|Ua regia. Among the minerals of the insoluble 
residue cassiterite is di.stinginslKKi by being rcnluced to metal at a 
dull red heat by hydrogen or coal gas. The metallic tin was easily 
dissolved by acids, and so sepamted from the stony minerals. 
From the solution the tin was sejxirated by zinc or sulphuretted 
hydrogen. This yielded metallic tin, or tin sulphide, which was 
ooDveited into oxide by treatment with nitric acid, or by burning 
in air. The oxide of tin was weighed. The method, as a matter of 
fact, did give fairly good results, but it did not in.«pire confidence. 
The tin was not completely recovered, and there was always a 
doubt as to the purity of the oxide of tin. The method was in 
use at Dolcoath for some years, but it has nowhere won a position 
of acknowledged usefulness for the everyday purposes of a mine. 
Mr. E. V. Pearce was the first to devise a really practical method, 
which gave results in fair agreement with those of the older one 
which it dhsplaccd. Half a gram of the tin ore is fused over a 
bunsen with a stick of soda (NailO) at u red heat in a nickel or iron 
dish. The fused mass, dissolvcnl in hydrochloric acid, gives a 
solution which, after treatment with metallic iron, is titrated 
with iodine. The w’holo of this can lie done in one hour. Unfortu- 
nately, half a gram of the ore is too small a charge when dealing 
with slimes and tailings from the dressing-flooi-s, and th^ are 
exactly the materials fur which a method is mo^t w^anted, \The 
method described further on is an improvement on Mr. Pearce’s, 
inasmuch as it can deal with larger quantities. The ore i s mixed 
with zinc and orida of ^n c and heated to redness; by ibis means 
the ca^J^rito m reduced to metallic tin. The resulting mass is 
attacked by hydrochloric acid with or without the help of an 
oxidising agent. In the latter case the liquor contains the tin as 
stannous chloride and is ready for titration. In the former, 
stannic chloride is formed, and this has to be reduced to stannous 
chloride by reducing with nickel. Tbe titration is done with 
iodine. The longer or complete process yields good results SFon 
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in the bands of beginners, and the skill required for working the 
shorter method is best ucquired by practice in it. 

The method of assaying the black tin is a dry one, and conaiste 
of mixing it with ‘‘culm/' and submitting it in a black-lead 
crucible to the highest temperature of a wind furnace. The 
8ain}de is taken wet as it arrives at the smelting-house, and is 
assayed direct. The product of the assay is examined, and a 
deduction of a considerable percentage is very properly made for 
impuritiee, since the assay really determines the percentage, not 
merely of tin, but of the bodies present which are reducible Rt a 
white beat. The judgment as to how much is to be deducted is 
assisted partly by an examination of the metal got from the assay, 
and partly by the experience acquired in smf^ting similar ores. 
The produce, which is that of the impure tin, is stated in parts 
in twenty ; thus a produce of 14 is etptivalent to 70 per cent., or 
to 14 cwt. per ton. A fuller description of the mothoil is giveh 
further on. It is still mainly, but not oxclu-Mvely, used. The 
cyanide as^y and wet methods are also emplnyHl. 

XECHAKICAIi 8£?ABATrOK.-VANNIKQ. 

This procetis, which has already been refernni to, is carried out 
as follow* After sampling ilic ore in the ordinary way, a quan 
tity (varying with its richtu*N.s) is weighed out. Special weigliU 
are generally used. The hLindanl wt ight, mnrkeil 200, weighs 
about ai» ounce; with pof>r ores this (juautity is taken for r.n 
assay, but with richer on^s loo or even 50 is suthcient. The uni’ 
of weight has no special name, hut the {tarts in 200 are spoken <is 
as the pnxluce; thus, if too uf ore were taken and 9.1; of bl.uk 
tin were separated, the pro^luce would U? 9^ : obviously half the 
** produce will give the |>erccutage. The weighetl {Kirtion of tbs 
ore is placed on the vanning shovel. The vanner stands in front, 
of a tub of water (kieve) and allows 50 or 40 r.c. of water to flf*w 
on to the ore. He then raises the shovel a little above (be 
surface of the water, anrl, holding it nearly horizontal, briskly 
rotates the water by imputing to the shove! a slight cin’nl.i; 
motion, passing into an elliptical one (front to back). This cau^e' 
the finer mud to l)e sus|)endtsl in the liquid, which is then nmoU, 
leaving the body of the on* in the centre of the shovel. Tins is 
repeat^ until the water after standing a moment is fairly clear. 
About half as much water as Ufore is bfoughl on ; then, w ith a 
motion which is similar Ui tin* previous one, but with a jerkaddr 1 
to one direction, the heavier minerals are thrown up, and tiit* 
stony mailer brought back. The jerk is produced just as the wave 
of vator ii returning. The deecending wave of water draws witli 
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it tbe bulkier and lighttfr particles of the ore, whilst the heavier 
matter lying ou the bottom in scarcely allocted by it. The jerky 
motion, however, carries it to t he front of the shovel. The lightei’ 
stuff is washed off, and the residue dried by holding the shovei 
over the furnace. It now corresponds, more or less, to the stul) 
which on tbe mine is sent to the calciner. It is swept from the 
shovel into a scoop, and transferred to a hot crucible ; in which ii 
is calcined until free from sulphur. Borne vanners calcine theii 
samples before couimencing to van. The calcined ore is shaken 
out of tbe crucible on to 
tbe shovel; rubbed up with 
a hammer; and washed (as 
at first) to get lid of ilie 
finer and lighter " wuhte.’’ 

The sepaiiiting molioni> are 
^gain gone througli; and 
the “ hejui ” of the best of 
the black tin is ihi-own well 
up on one side of tbe shovel 
in tbe form of a erment, so 
.'Uitoleaverooiuoh tlicshuvel 
to work with the Uiilings. " 

Tbe quantity of w.iter unsl 
is kept low, to prevent tl.is ‘^emp” tin fix)ui licing washei^ 
back again. The t^iilings are tlieii crushed t<» fiw the tin from 
adherent oxide of ii-on : and again washed to throw up the re- 
maining tin ore. As this tin is finely divide<l, it is more difficult 
to bring it up, so that a vigorous and nipid motion is required. 
The tailingMiro now uasltcd OrV, and the whale af the black tin 
is brought into the r'enlie of tlie shovel. It roipiirestwo or three 
washings more to free it from the wjiste it contiiins. Very small 
quantities of water are The purity of the black tin cm be 

seen by its apjieArance on thesliovel. The cleaned ore is dried a.s 
liefore, free*! from jiarliclesof iron with the aid of a magnet, and 
weighed. The weighings carried to Jth of the unit usw. 
because of the variation in quality of the black tin, the material 
as taken from tbe bilauce sliouUl be powdered in a small morter ; 
mixed with a few grams of potassium cyanide, and fuse*! ns 
described under dry metbocU, p. 381. After melting, the chaige 
should be allowed to cool in the crucible, and the button of tin must 
be got at by breaking. The tin must be weigh«l, and shouhl w 
reported in pounds to the ton of ore origimdly treated. It would 
be yet better to powder the black tin, mix it with a gram of anc 
oxide, and treat with aioc vapour, Ac., as deecribed under wet 
methods, p. 385. 
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As AQ alteimtiTe to caloiaing in the method asdeeoribed above, 
the ore may be swept from the shovel into a lar^ porcelm dish 
and treated with 30 or 40 c.o. of hydrochloric acid or aqua regia, 
according to the general nature of the impurities. After a short 
heating, the liquor sliould be diluted freely and decanted. After 
one or two wasliiugs by decantation the ore should be washed back 
on to the shovel and the vanning!: coin|»h‘te<l. 

To have a complete set of tools for all vanning purposes, it will 
he neceesary to get the foilowins; : — A vanning sliovel 14 inches 
long and 13 inches wide, weigliing not over aj pounds. It is 
made of hammered sheet iron of the shape shown in Fig. 57. It 
must have a light wcxxlen handle (pi-eforably of deal) 3 feet long, 
A bruising hammer, weighing jKmnds, with a handle i foot 

long. A pair of tongs (furnace) 2J feet long, made of 4 inch 
round iron. And a set of oidinary clay crucibles for calcining. 
There ought to be two sets of s«»U^ and weights ; the 6rst shout\| 
be confined to weighing tlie powdoi-ed tin stuff, artd tbo second 
ought to be a much higher class one, for w'eighing the black tin 
obtained. The furnac** for nia.sting the sample should be lo inches 
square and 12 inches tUv[>, with the fire-bars at the bottom three- 
quartem of an inch apait. The water-lxix for vanning in should 
be at least 4 feet long, 2 feet 6 inches wide, and S inches deep. 

DRY MRTHODS. 

Comiflh Method. Tin Ore Asjtat /. — The ore to be smelted or 
assayed should be conr<Mitmted to sjiy not less than 50 |M?r cent, 
of metallic tin ; though to obtain Miij?sfactory rt»sults it should be 
brought nearer 70 p«»r cent., as >vitli ore cr>ntaining less than 
40 to 30 per cent, of mcbit their w iJl be a considerable loss Iwth 
in the assaying and in the smelting. If the ore to be ojierate^l 
on does not contain this quantity of . metal, then the sample 
(if coarse) must be reduc«*d to a fine state, the gangue being 
removed by vanning, and the ore saved for the fire assay. 

The methoil adopte<l for the tlcterniination of tin in the ore 
is as follows: — Alwut ounces troy {1200 grains, or nlwnt 
So grams) of the ore to be as»^iye«i is weighed out and mixo<l 
on a fist copper pan (shaped with a long lip) with one-fifth 
of iU weight (240 grains, or 15.5 grams) of powdeTc<l culm 
fanthradte). The mixture of ore and culm is either transferred 
to a black-lead crucible More the latter is put into the furnace, 
or, as some prefer, it is carefully swept into a crucible which hss 
beini imbedded in the fire. Some amayers cover their pots with 
A fiat m>ver placed loosely on, while others leave the mixture in 
tlie open pot. The furnace, which has been previously fired to a 



strong heat| U then covered^ and the sample is subjected to a 
sharp fire for a period of from twelve to twenty minutes. No 
definite time cau be stated, as, besides the strength of the 6re, 
the quality and condition of the ore, and the impurities associated 
with it, greatly affects the time required for the complete reduction 
of the ore. As soon as the mixture in the crucible has settled 
down to a uniform white heat, and any very slight ebullition 
which may have taken place has subsided, the crucible is gently 
shaken, removed from the fire (the culm-ash or slag which ooveii> 
the metal being carefully drawn aside with an iron scraper), and 
the metal is poured quickly into an iron ingot-mould, which Ls 
usually placed on a copper pan to save the culm-slag and the 
adherent metal which comes out with it. The crucible is then 
carefully scraped, and the scrapings, together with the contents 
of the mould and pan, are transferred to a mortar. There the 
ingot of tin is freed from slag and then taken to the scales. The 
mt, after being finely jKjwdered, is passed through a sieve. The 
Battened particles of tin which remain on the sieve are weighed 
with the ingot (the as it is ciilled); whilst the siftings are 
vanned on a shovel, and (the slag being washed ofi) the fine tin is 
collected, dried, and weighed with the rest : the whole gives the 
produce or percentage of metil in the ore. The results of the 
assays are expressed in cwts. of nietil in the ton of ore. The per- 
centage is nirely given and never used in Cornwall, Thus — 
“13^ Pro<luce” would mean tiiat the aosjiy yielded results at the 
rate of 13J cwts. of metal for one ton of the ore. Some assayers 
use a little powdered fluor-sp;ir to assist the fusion of refractory 
slags. A small quiintity of lx>rax will aUo occasionally be of 
service for ores confining silica in excess of any iron that may 
bo present. The borax renders the slag more fusible, and a.ssists 
the formation of a larger lump (with less hue tin in the slag) than 
would be obtained by the use of culm alone. 

The quality and the perceiiiaire of ptire tin in the metal will 
vary considerably, accoixiing to the impurities that are associated 
with the ore to be assayed. 

The mide lump is then remelted in a small iron ladle at as low 
a temperature as poesible, and the fused metal is poured into a 
nhallow trench alxmt 4 inches long by f of an inch wide cut in a 
block of white marble. The metal will be silvery- white if the 
temperature employeil Iks correct ; if too hot, the surface will show 
u yellow, red, or blue colour (acconling to the heat employed) ; in 
such case Uie metal should ho remel^ at a lower temperature. 
If the metal on cooling retn.ains perfectly clear and bright, then 
it may be assumt'd that the tin is of good quality and commercially 
pure. A cr)'8talJUed or frosted appearance of the metal indicates 
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the pre^Lce of some alloy^ say of iron, copper, xinc, lead, antimony, 
dec. The ussayer who has had much practice can readily distiu- 
guish the metal or metals that are associated with the ore by 
noting the appearance of the tin on cooling ; and can fairly judgt 
the quantity w impurity present by the amount of the cryst^Uu- 
tion or stain. 

Cyanide Method. — This, like the Cornish assay, is only applic- 
able to oouceutrated ore, and shares with it the merit of showing 
the tin as metal. A black tin with 70 per cent, of tin yields a 
button of metal of good s)m|>o and of fair quality, though not 
pure. A sample with from 50 to 60 per cent, of tin may yield 
merely a metallic mass, or a badly shaped button or a button of 
fair quality, acx'ortliug to the quality and quantity of the im- 
purities. In the examination of a sample of black tin these 
diderences may be worth uoling. 

To obtain a metal of bettor quality, it is usual to clean the 
black tin by an acid treatment of more or lees thoroughness, ac- 
conlixig to the character of tlie material. For e.xnniple, 30 grams 
of the ore are treated in an eVii|Kiniting dish with 50C.C. of hydro 
chloric acid, and kept near Utiling for ten or fifteen minutes; 
then $ c.c, of nitric acid arw added and the boiling continued for 
a shoH. time. Or 30 c.c. of dilute nitric acid may l>e added in the 
hmt place and gently evaporatetl ; and the residue is digested 
with much strong hydrtcljloric acid for half an hour or more. 
Or, again, a very | •colon ge<i attack wdth tti]ua regia may be called 
for. In each mse at the huish water is addcsl and the liquor is 
hltered. ’V\\e bulk of the black tin after w osliing may Iw dries! in 
the di»h. The til ter is dried and burnt, an>l its ii.sh added to 
the black tin ; or all the block tin is got on to the III ter aud 
dried ; in which ca.'^ tl is burnt, paper and all, in tlie crucible in 
which the fu.<tion is to lie made. 

There are many block tins winch yield poor metal even after 
such treatment. With ihirsi>, rhorges of 5 grams may be fus^d 
with, say, 15 gram.Huf dry bisuiphato of potash in a 3*inch Bet in; 
dish over a good Bumm>u tlame. The fused stuff is boiled out 
with water, hltered, and washed. If wolfram was present, tbebi^t 
washings should contain dilute ammonia. The subsequent work 
if the same as previously descnt>ed. 

The acid Itrpiorw may contain some tin; for, although well- 
fomed cassiterite k not at all attacked, one mnnot be sure that 
the imperfect, and whi^ 1 have called unformed, casaiterite will in 
ail casM have equal powers of reskUnce. Moreover, some stan- 
tute may be present, more especially in slime tin, and the whole 
of it would be dissolved. TImn, again, (he presence of (^er ti>i- 
carrying minertdii in small quantity is by no means improbable. 



With fuMd biflulphate of potash ca^iRiterite itself is slightly 
attacked, and a few milligrauis of tin will always go into solution ; 
if the temperature of the fusion has been too high, the quantity 
of tin going into solution will be more considerable. To recover 
the tin in solution nearly neutralise the liquor with ammonia; 
|)a 8 fl sulphuretted hydrogen ; filter, getting ail the precipitate on 
the paper witliout washing; burn tlie filter paper, with a small 
lump of ammonium carbonate, in the crucible in which the fusion 
is to be made. 

The potassium cyanide used must be of the best quality, and 
well kept. It must be finely powdere<l, but the powdering should 
be done as it is wanted : cai-e must be taken when doing this, as 
the salt is dangerous. It is usual to take twice as much cyanide 
as ore; but with small quantities of ore sufficient must be taken to 
form a workable quantity of slag. With zo grams of black tin 
(which must be in very fine powder) you must mix 20 grams of 
potassium cyanide, and reserve another 20 grams; of this last 
some may be put at the bottom of the crucible (K. Battersea) ; in 
which case the mixtMl ore and cyanide is next added; and finally 
the rest is used to clean up the mortar, and is added to the charge 
as a cover. 

The furnace into which the crucible is to be placed must be at 
a dull red hoiit. Butissium cyanide mcdts at a low heat to a 
wateiy liquid, which immedi itely attacks the oxide of tin • and 
other uieiallic oxides, re<iucing tliem to metal. The metallic tiu 
falls to the bottom of the crucible as a black mud, which also 
c'ontains the silica and alumina of the l>lack tin. To collect the 
tin into globules and ultimaicly into one button a much stronger 
heat is re<|uinMl. If iron is pi^mt the tin alloys with it and 
l^ecomes leas easy to collect in one button. The earthy matter, 
too, is a muse of trouble. Tire furnace then must be so worked 
tlmt it shall rapidly become hotter. This causes a fierce efferves- 
cence io the slog, which is now a mixture of potassium cyanide 
and cyanate. There is a great difference in practice as to the 
length of time during wliich the charge is subjected to this 
greater heat. Some leave it for half an hour, but it is more usual 
to remove the crucible from the furnace very soon after it has 
atbuned ita full heat. The whole ftiMon takes ten miuutes. The 
crucible ia tapped vigorously, and its contents are poured into a 
mould, which ahould be standing in a shovel or tray. )\hen 
cold, the stuff ahuuM be placed bottom up under a tap of running 
water cloae by a aink, so that the slag may dissolve, and the elu- 
tion may 1m do souia;© of danger. Y ery aoon the button oi uq 
way b« picked off, washed, dried, and weighed. The suggestion 
‘ Sr.O, + 3KCN=:Sn + aKCNO. 
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which hna been made that the button should be dropped into a 
oraoible with melted boi-az, or that it should be melted in a ladle 
under palm oil, is a good one. * 

The proportion of metal obtained compared with that of the 
tin contained in the ore will be high or low according to ciroum- 
atanoea The slag carries tin, and consequently there is always a 
loss. On the other hand, the button always carriea iion, to say 
nothing of other metals, and the gain in weight from this cause 
may (and often does) more than compensate for the loss of tin. 
For example, a sample of black tin showing 69,5 per amt. of tin 
by wet assay showed an average result by cyanide assay of 68.5 
per cent., in spite of the fact that the average loss in the cyanide 
assays was nearly 3 per cent. Mr. Parry * in a report on nine- 
teen samples gives the losses of tin in the cyanide assays as from 
.5 to 3.9 per cent., witli an average loss of 1.5 per cent ; in spite 
of which the cyanide results were higher in five cases out of nine- 
teen than those of the wet assays. 

WET METHODS. 

Cassitorite is not dii^tved by hydrochloric acid, nitric acid, 
hot strong sulphuric acid, or aqua regia. It is only slightly 
attacked by fuW bLsulphate of {xjtish. In some of these respects 
it Ls more inert than artihcial oxide of tin, which is attacked by 
sulphuric acid aitd the bisulphate. It is passible that some native 
oxide of tin may be less resistant than the fully formed mineral. 
Cassiterite is attacked freely at a red heat by sodium hydrate,! 
with a brisk evolution of st^on : sodium stannate is formed winch 
is soluble in water. So<lium carbonate under the same conditions 
is ineffective. 

Cassiterite may be reduced to metallic tin by the following 
methods Heating to dull redness in carlxjnic oxide, hydrogen or 
coal gas; heating to high temperatim*s with carbon; heatiitg 
with hoely divid^ magnesium or aluminium (the reaction with 
these metals is violent); heating in sine vapour; fusing with 
potassium cyanide; contact with xtne which is being dissolved by 
dilute add. 

Ketftllic Tin dissolves in hot strong hydrochloric add. The 
product of the reaction is stannous chloride, 8nOI|. The reaction 
is stoWf and it is of great advantage to have the tin thin or finely 
diviM. Metallic tin U dissolv^ quickly by aqua regia; the 
ooDtains stannic chloride, 8nCl,. Ohlorine water or a 
irivkore of hydrochloric acid and permanganate of pt^ash altio 
atfeiek tin, fm*ming stannic ch]<»ide. 

* 7!l« iwsf iff Tin nnd AiUimanf, U Piny* 
t sMaUO-rSaO^«8a^to(^tH^ 
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Kitric Acid diluted with an equal volume of water will dissolve 
^in in the oold^ forming stannic nitrate, On boilings this is decom- 
poeed and an insoluble white precipitate is formed, which is 
njetastannic acid. With yet more dilute nitric acid the tin 
iissolves in the cold and the solution contains stannous nitrate. 
E'uming nitric acid is without action ; and the acid of ordinary 
strength gives a precipitate of stannic nitrate. To convert tin to 
metastannic acid it is best to put strong acid on the metal and 
^(1 water slowly until the attack begins; as it becomes slow, 
v^-arm and add boiling water ; evaporate nearly to dryness, take up 
with boiling water, and Elter. On ignition the precipitate yields 
ijtiinnic oxide. This is a much-used metlio^l for conoentrating 
tin, separating it from many metals ; and it leaves it in a weigh- 
ftble form. 

Stannic Chloride, SuCl^, is a colourless fuming liquid, boiling 
ftt C. It combine with water to form colourless crystal^ 
A strong f^olution on boiling loses much stannic 
chloiide with the steam; with dilute solutions there is less loss. 
SoIuliuDH of stannic chloride should not be evaporated. In dilute 
solutions it is in part decomposed into stannic hydrate and 
hydi'ochloric acid ;• the hydrate passes into metastannie acid, 
liydrochloric acid prevents this decomposition; and when 
in excess it combines ndth stannic chloride, forming chloro- 
stannic acid.t Similarly sodium chloride may form sodium 
cidorostannate. 

Stannous Chloride, SnCI„ is volatile ; but as it boils at a little 
over 600® C. its s^dutions may be evaporated with safety. It is 
a quick and powerful reducing agent, and may be determined 
easily by titratiotk with any of the oxidising standard solutions. 
The liability to error in liiese titmtions is due to its excellence as 
a reducing agent, and more tlmn onllnary care must be used in 
excluding all chance of sub>idiary oxiilation. 

Separation. — If the tin is pref^ent in an alloy, the substance is 
boiled in an evaporating dish with dilute nitric acid until the whole 
of the material is attacked, Evapomte nearly to dryness, dilute, 
boil for a few minutes, and filter off the white insoluble residue. 
Under certain circumstances this residue will be nearly free from 
other metals, in which case it is ignited and weighed. But if, as 
is generally the cose, there is a doubt as to its purity, it should 
be reduced to metal by heating to redness for half an hour in a 
^’nent of coal gaa. The oxide of tin is placed in a noroeUin 

• 8i»Cl^ + »H^«8n{HO)4+4HCl. 
t airci +Sna4=HsSnCV 
aNaCl + 8fiCl4»Na|SnCV 



TETT-BOOK of A88AYTNO. 


284 

boat (Fig, 58), which is then introduced into a piece of oomhuation 
tube. The Utter, wrapped iu a piece of wire gause, is supports 



Fm. 5& 

on a couple of iron rings, and heated by one or two Buns^^ii 
burners in a furnace fitted up with loose fire-brick tiles, as shown 
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in Fig. 59. When the re^luction is complete the tube is allowr 1 
to cool ; the boat Is removal and the tin examined. 

Solutions of tin chloride containing salts of antimony and othrr 
metals can be made to yield the tin in purer form by the following' 
treatment. The srdution is iiwle acid with hydrochloric acid 
treated with metallic iron as in the process for retiucing stannic 
chloride to stannous chloride by that metal. The liquor must l«e 
filtered ; it should be maile acid and warmed. J^me tAuc i- 
added ; this precipitates tin as a spongy mass. The completion 
of the react um may be recognised by testing some of the liquf r 
with sulphuretted hydrogen. The tin, with some residual 7.inr. 
can 1)0 soparaU'd from the liquor l^y decantation, and the washiii" 
can bo done by the same tnethcsl. Tlte residual rinc, may in* 
picked out, but car© must l>e taken to wash back any adherin:: 
tin. The tin may 1 )© converted to mehistiumic acid by treatraet;t 
witli nitric arid, in which case it will l»e sul>s«piently weighel 
as oxide; or it can bo dissolved in hydnxihloric acid and titraUd 
with iodine just as in standardising. 

aEAVIMETRIO METHOD. 

Metastannic acid is obtained by treating the metal with nitne 
add, as alrwidy described. Wash with hot water, dry, 
to a weighed porceUin crucible ; bum the paper, add iu w 
the contents of the cradble, ignite strongly, cool, and wei^i 
The sobetance is stannic oiide, SnO„ and should oontaiD p -1 
per cent, erf tin. * * 

Stannic fulphide, SnS^ obtained by passing sulphuretted hydro- 



pen through a slightly acid solution of stannic chloride, is filtered 
off, and washed with sulphuretted hydrogen water. The paper 
with the precipitate is dried, placed in a weighed porcelain cru- 
cible, and burnt very gently with free access of air. When the 
carbon has burnt away the residue is ignited more strongly. It 
ia cooled and weighed. The substance is stannic oxide. 

VOIiUMETEIC METHOD. 

All the ordinary oxidising solutions are capable of being used 
for the volumetric deteriiuintion of stannous chloride ; standard 
M)lution8 of bichromate of potash, permanganate of potash, ferric 
chloride and iodine are chief among those which are recommended. 
Stannous chloride is so active that the finishing-point with per- 
magiinate of potash or iodine is exceptionally well marked. 

Te get the most accurate results, the titrations should be made 
in the absence of air. Concordant results may be obtained with- 
out this precaution, but with a loss in confidence and precision. 
In practice an assay liquor nftirly ready for titration is in an 
air-free condition, and it costs practically nothing to preserve it 
in this state. If this precaution is taken, the titration with iodine 
is an exact and convenient process for determining tin, and is 
fuperior to the altcimative metho<ls. 

A complete process applicsihle to a tin ore comprises the fol- 
lowing operations Preparation of the ore; reduction of the 
oassiterite to metdlic tin ; di>solving the tin to a solution of 
stannic chloride ; re<iuction of the stannic chloride to sUunous 
chloride ; titration with iodine. These operations are described 
in the following account of the actual work on four charges of a 
sample of black tin. 

Preparation of the Ore. —The ore was black tin of good 
quality. To kw*p the titration within the limits of a 50 c.c. 
burette, it was decideti to use charges of ,3 gram. The oi-e was 
finely powdered in an agate mortar. Tlie weighing was made to 
the near^t tenth of a milligram on the p:in of a clieap Becker’s 
bullion balance ; an ordinary balance would have tiken longer to 
do the weighing. A Berlin crucible (Oa, 15 c.c. capacity), ij 
grams of line oxide, and 4 grams of slieet line cut into small pieces 
had been previously provided. A little of the zinc oxide was put 
in the crucible to cover the bottom ; and m«^t of the zinc was 
pUced loosely uu this. About half the remaining zinc oxide was 
put in an agate mortar, and the black tin from the pan of the 
Wance was emptied on to this. The cleaning of the pan was made 
witli some of the lemaiiiing zinc oxide. The oiv and oxide Nvere 
then mixed and swept into the crucible on to the tine. The mortar 
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wta cleaned with the reat of the nno oxide, which was added to 
the crucible with the remaming dno. All this caxe was needed 
because the assay was being m^e on a small charge of rich ore. 

Beduotion of the Caasiterite to Tin. — Before weighing up the 
OTe a Bunsen furnace had been lit This had been extemporised 
out of a Q crucible and a dozen square slabs of asbestos, as shown 
in the iUnstration on the next page. It was heated by a large 
Bunsen burner, with 1.5 cm. tube. A muffle furnace can be used 
in its place, provided the heat be kept Mow the melting-point 
of silver, and some pieces of charcoal are burning in it to prevent 
an oxidising atmosphere. The cntcible was plac^ in the mmace, 
and the crucible lid (Uted on upside down. The ring of the lid 
had previously been knocked ofT so that it should not reach down 
into the charge. The assay was left in the furnace for ten minutes, 
during which time the next charge was made ready. 

DinolTing the Tin.— The crucible was Hfunl out by grasping 
the lid with tongs ; a flight ring of oxide of zinc had formed, and 
it gave sufficient adhesion. It was allowed to cool for ten minutes. 
During this time the second charge was in the furnace, and the 
preparation of the third and fourtli charges was completed. 

There were providtnl an 8-ounce fiask. a funnel with a wide and 
very ah<nt neck, a 3dnch evaporating disb, an acid measure with 
50 e.c, of strong hydrochloric add, and about a gram of per* 
manganate of potash crystals. The crucible lid came off easily 
when prc s Bod with the blade of a knife ; it was placed in the dish 
with about 10 c.c, of the acid. The lump in the crudble ti&a 
crashed gently with a rounded glass rod and transferred through 
the lunnel into the flask ; the rod was used to press through the 
lumps and then placed in the dish. The crucible was partly tilled 
with add, which was emptied into the funnel, and this was repeated. 
The final cleaning of the prudble was effected in the dish slocg 
with the lid and the rod. The remainder of the add was added 
to the oontmiU of the flask. As soon as the effervetcence bees me 
sluggish the flask was placed on a mnd bath, where it was heated 
to baiHDg. By this time the second charge was cool enough for 
simflar treatment ; the replacing of the char|^es in the fui mice 
also required a little attenUon. The flask, which was withdrawn 
from the heat when it began to boil, bad cooled cxmsiderably. The 
permsnganste crystals were dropped into it steadily until there 
was abundant evidence of chlorine ; a crystal or two were put 
In the eruciUe in the basin at Uie tune time. Once or twice, a< 
the eviAmce of chlorine weakened, a few mm crystals were added 
to the flask. This was dime whilst the second dbstge was betog 
trsated. Hio digei^iw wHh chlorine liquor was continaed for 
tcnaknlti. Tbeemnds^rodf and Ud were rmoved and wisbsiit 
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vad the wiehings ran back into the bnein. The contents of the 
hesio were ran into the fUsk, as also were the washings of the 
faasiii. 

Bedttotion to Stannous Chloride.^A cracibleful of oommoQ 
salt, about 15 grams, was added to the flask, and this was followed 
by hot water to bring the bulk up to about 150 c.c. The assay 
was then placed on a sand-bath and brought rapidly to boiling, 

A piece of nickel foil ao cm. long by 5 cm. wide had been 
ooiled on itself to form a cylinder which would pass comfortably 
through the neck of the flask. A g\^ rod 25 cm. long had beeu 
softened before the blowpipe and pressed into a knob ; this rod, 
passed through the coil, served as a holder for it, A cork rather 
too large for the flask bad been bored and placed on the rod, along 
which it could be moved, but not easily. The detail inserted in 
the upper figure on page 287 explains the nickel coil ; and the 
fla^ 00 the left illustrates it in use. The rest of the figure 
shows the BLsaay cooling in an attnosphere of c{irbonic acid. 

When the assay solution was nearly boiling the nickel coil wa5 
let down gently so that the knob of the rod retried on the bottom 
of the fiask ; whilst the cork obstructed the mouth of the 
without closing it. A brisk efferveM-ence on the nickel set up 
almost at once, and in a minute or ho the solution becuiir 
oolourleee. Some brown manganese stains on the neck of tlm 
flask were removed by mlsing the nickel and touching them with 
it. The heat was maintained at such a point that there was a 
steady boiling, but with as little evaporation of the liquor ns 
cotnfKttible with this tempemture. The action of the nickel w >^ 
continued for half an hour, and it rec^uired little or' no attention. 
Five minutes later the .second charge was also being reduced, 
The third chai^ wus being treated with acid. By the end of the 
balf-hour the third and fourth a>sayH were ready for the nickels. 

When the first assay had bci‘n lioiling half an hour the gas 
flame waa turned on full so as to increase the rate of boiling ; xUv 
nickel was drawn up into the neck of the flask and washed with 
water which had been boiling a minute or so before. TIu' 
nickel was placed at once in the third assay liquor. The neck of 
the fiask was closed at once with a cork having a short eduction 
tnbe bent at right angles; and a heavy lead collar was slippd 
over the neck of the flask. A rapid ji:t of steam was issuing from - 
tb# eduction tube. A mnall lUpp carbonic acid apparatus vns 
ready at the side; it had a rubber tube long enough to reach 
flaak, and of a siee to fit on to the e<luction tube witliout delay. 
When it was judged that all air ha^l lieen hlown out of the 
by the Kteam the tap of, the Kipp was op^uuad, luid the tube with 
a jet cl aarbenie add isauinf from it was stipp^ ever the eductiao„ 



TIN, 289 

tube. For a short time the flask was seoding steam into the 
; it was then lifted from the sand hath aod placed in a 
basin of cold water. Five minutes later the second assay was 
^miiarly cooling in an atmosphere of carbonic acid and the fourth 
was being reduced by mckel • 

The flask was removed twice into fresh basins of cold water. 
The cooling took from ten to fifteen minutes. At the end the 
flask was agitated in order to saturate the liquor with carbonk 
a(^d. 

Titration with Iodine. — A 50 c.c. burette was filled with l 
solution of iodine which bad been prepared of such strength that 
ioo c.c. would bo used up by .5 gram of tin in solution. The 

gram charge of black tin» therefore, would use up from 36 to 
45 C.C. if it contained from 60 to 75 per cent, of tin. 

The flask with the assay liquor was removed from the basia 
and disconnected from the Kipp; the cork was not taken 
out until it was under the burette. 35 c,c. of the iodine 
solution were run in quickly, and then gently mixed with the 
liquor; it was bleached immediately, A few c.c. of starch solu- 
tion were added, and the addition of the iodine solution was 
resumed. Several di-oiw were used at a time until the blue <K>lour 
which was momentarily formed bleached quickly; then one 
drop at a time ; and stKin a full blue colour, persistent throughout 
the whole solution, sbowetl the titration to be finished. The 
reading was 41.8 c,c. The other titrations followed^ in steady 
sequence with results 41.7, 41.6, and 41.7 c.c., the mean result 
corresponding to 69.5 per cent, of tin. The time taken in work- 
iug the four OKsays was about two and a half hours. 

Ifotea on the Kethod. — The student should be able to work 
the process with the help of the above description. The modifica- 
tions required w hen poorer one is being assayed will be given 
below under the proper headings. 

Preparation of the Ore.^With concentrates containing from 
45 to 60 per cent, of tin use charges of .4 gram ; if they are 
poorer than this .5 gram should be taken. With very rich ores 
whmh wrill be report in percentage take i-gram chaig^. With 
poor ores to be reported in pounds take 2.8 grams; with this 
cbai^ each c.c, of iodine represents 4 pounds of tin to the ton. 

If tthe ora or oonoentmte contmns pyrites, or much clay or 
chlorite, put the weighed ore into the crucible without rinc or 
oxide of sine and bum it in the muffle furnace ; let the heat at 
Ihe finish exceed that of the furnace in which the subsequent 
tioatment with xinc ia eflected. When cold, transfer the ore to 
^ agate mortar, and, if necessary, powder it ; mix with oxide of 
aino and pijQcaed aa bkore deecriM. 


t 



t90 


TKXT>BOOE OP ACTING. 


If Um ore conUiTMi mispiokei or very much oxide of iron it 
fihould be cleened with add (see p* aSo). The filter paper with 
the deaned ore on it must be put into iU crudbie and burnt 
at first genUy, but finally at a high temperature. Powder it in 
an agate mortar ; mix with oxide of zinc and proceed aa before. 
The use of the oxide of zinc is essential with the richer matenals, 
and an equal amount of finely powdered quartz may not be safdy 
aubstitut^ for it» as U shown by tlie following experimenU. 8ix 
assays were made with .4'gnun cliargee of black tin of poor 
quality, udng oxide of zinc, with r^ults ranging from 5^.35 to 
52.35 per cent, of tin ; four assays, using qtuirU instead of oxide 
of zinc, gave results ranging from 49.2 to 51.8 {>er cent. 

Redaction of the Caasiterite to Thl-^Zinc as supplied by 
the dealers may contain as much as .2 to .3 per cent, of tin. T)ie 
ordinary metal of commerce h.as not this impurity. Ordinary 
sheet zinc from an ironmonger will do. Test it by dissolving 
10 grams of zinc in hydrochloric acid. Use 50 c.c. of acid and 
some permanganate, and proceed exactly as in the assay above 
det^ribed, omitting only the furnace treiitment. The first drop 
of iodine, or at most the second, slmuld give the blue colour. 
There is no need to vary the quantity of zinc used when assaying 
difierent ores. 

Disaolving the Tin.— The tin is not likely to separate as small 
buttons of metal ; but it is well to remember that such buttons 
dissolve slowly. Some ores when treate*! directly with line in a 
crucible bake to a brick which does not disintegrate well when 
treated with add ; a previous roasting, or mixing with oxide of 
tine or deoning with acid, is called for in such cases. 

II the ore contains arsenic the hydrogen which comes ofT on 
adding bydrochlenc acid is very dangerous. If mispickel U 
known to be present it is wise to dissolve it out When working 
ores systematically the extra labour of treating with add u 
trifling; though, of course, there will be a larger number ol 
tmM in hand at a given time. 

Then ia no need of filtering off undUsotved quarts, as even 
four or five grams of it will cause no trouble in the subsequent 
operations. 

Bodaoing to SUnnoos Ohhnido with HiokeL---Tbis method 
Isverymti^actory. Ibe conditions reouired are: free add equiva- 
knt to so or 30 c.c. of strong hydrocnloric add, and a tempers' 
teo quite op to boiling. Hie speed of the aetbn falls off rapidly 
•• the tompmture falls, and ia jpra^icnlly nothing in cold sotu* 
lioQS^ With not enough add in the liquor an addition of common 
nit npprectaUy qoiduoi the rsducUon. 

A pardcniar nidmt edl mag work badly b eonoit it is fww 



oily or becaoae it has become foul with precipitated metals. 
Boiling it in an acid solution of ferric chloride is a good remedy. 
A nickel coil working as described is in fair condition if it reduces 
nine-tenths of the stannic chloride in the oourse of five minutes. 
To teat tbis^ make a solution of stannic chloride with .5 gram of tm 
to the xoo 0.0. Take an 8*ounce flask with 30 c.c. of hydrochloric 
acid and 15 grains of salt. Add water to make up the bulk to 
1^0 C.C. after adding 10 or 20 c.c. of the tin solution from a 
burette. Tint with a little ferric chloride, and proceed exactly 
as in assaying; stop the action by removing the nickel five 
minutes after the bleaching of the ferric chloride. If 10 c,c. of 
tin solution were taken, at least 9 c.c. of iodine should be used up 
in the titration. With the poorer ores the treatment with nickel 
should only last twenty minutes, counting from the bleaching of 
the liquor. 

In the absence of nickel foil, the coils may be made of sheet iron ; 
fault in this case the liquor should only be heated to about 70® C. 

Titration with Iodine, — A small Kipp apparatus costs only 
a few shillings, and uma up little acid if the work is done as above 
directed. Do the titration so a.*; not to throw the carbonic acid 
out of the Bask until you are quite near the end. 

The assay liquor may be cooled in contact with air and titrated 
in the ordinary way. The stands rdi>ing of the iodine solution must 
be done in the same way. The results are fairly accurate ; but no 
one who has bad ex[)eriedco of both ways of working will adopt 
this way. Make an acid solution of stannous chloride equivalent 
to the solution of iodine: 100 c.c. =» .5 gram of tin. Have 
each solution in a burette. Mea.sure into an 8-ounce flask 20 c.c, 
oi the stannous chloride, and add a little starch. Titrate with 
the iodine solution very slowly, a drop at a tinle, and shake the 
rather violently. Repeat the experiment, but this time 
run in the iodine as quickly and gently as possible. Next run 
20 c,c. erf the iodine into a flask and titrate with the stannous 
chloride. Cmnpare the three results. In spite of considerable 
differenose, the titration, even in the presence of air, gives toler- 
able reeults. With the precautions already indicated the titration 
is one of exceptional accuracy. 

Standiurd Solution of Iodine — Weigh up 10.67 grams of 
iodine and 25 grams of poUasium iodide for each litre of solution 
to be pr^ared. Place in a large beaker ; pour on a little water, 
and allow to stand for some time. Pour off the solution, add a 
' little DMne potassium iodide to complete the solution of the iodine. 
Dilute to the required volume. 

Solution of Staroh.— Make 5 grams of starch into a tlmi 
peatid with a little water ; pour it into 200 ca of boiling witar< 
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StendardiBing Solution of Iodine.*--W6igb up aocuraUl^ 
about .3 gram of pure Un in fmlor filings. Put it into an 8 ounce 
fliik ; add 40 0.0. of bydrochlorio addt and beat to gentle boiling 
till diaaolved ; or warm gently and add permanganate crystaU 
just aa in the assaying method. So, too, add e^t, dilute with 
water, and reduce wi^ nickel If n o permanga^te haa been 
ufied, ten minutes treatment with tKe^ickel wilt dofotberwise the 
reduction should occupy half an hour. 

Statement of Beaults.— The tin contents of rich oree and 
ooDcentmtes should be calculated in percentage to one place of 
decimals, while the value of poorer ores should be calculated in 
pounds of tin to the ton, and stated to the nearest pound. 
A report in terms of oxide of tin is less satisfactory, since it is 
liable to lead to confusion with black tin, which should be kept 
distinct. A report in terms of tin which gives at the same time 
the equivalent proportion of oxide of tin is free from object|pn, 
To calculate the proportion of oxide of tin multiply that of tin hy 
1.27; and conversely to calculate the tin multiply the oxide 
tin by .787. 

Tin Slaga. — Tn taking the sample, portions of the molten 
sUg should be chilled by pouring into a bucket of cold water. 
By this treatment they are put into a con<lition more casilv 
attacked by acids. HiUf a gram of finely jxiwdcrcd slag shouM 
be placed in an S-ounce flask with 5 c c. of water. Add 50 c.c. 
of strong hydrochloric acid and boil until completely dec»mpost cl : 
this should take only a few minutes, AVith a more refractory 
ilag fuse lialf a gram of it with 7 or 8 grams of caustic soda in a 
nickel dish over a bunsen flame and subsequently dissolve the 
mass in dilute hydrochloric acid. In either case Uie liquor, 
diluted if necesRar^’ to a convenient bulk, is ready for treatment 
with nickel ; this treatment should be continued for from 15 tu 
20 minutes. The cooling and titration with iodine are fre<iueni!y 
done with free acce^ of air and without special precaution ^ 
because of the small quantity of tin present, vit, 20 or 30 mill)* 
grams at the most. For the same reason the standard uolutiou 
of iodine is made weakei. 


TlTAl^IUM, 

Titamum only occum ai a minend in iU oxidisfid state, or as 
titanic oxide (TiO,). It is a substance which has little oonmicr- 
ebl valtM^ and is generally recognised as one of the rare bodit .^ ; 
although, in small quantities, it is widely disseminated* U cma ui^ 
in fitmtei bamlt, and other igneous ro^ in quantitiei up to 
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maeb m i per cent. It is met with in clays and iron oiea 
and in river sanda, in which it is often associated with sti'eam tin! 
The proper minerals of titanium are rutile (TiO,), titaniferous 
iron (titanate of iron), and sphene (titanate and silicate lime). 

The oxide of titanium cassiterite and quartz) is undeconi- 
posed by hydrochloric or nitric add ; so that it is generally found 
in the residue insoluble in adds. The titanates, however, ait 
attacked, and a portion of the titanium dissolves ; so that it must 
be looked for in both the filtrate and residue. Oxide of titanium 
in its native form, or after ignition, may be made soluble by fusing 
the finely-divided substance with fusion mixture in a piafinnm 
dish. The resulting titanate is dissolval out of the “melt" bv 
cold hydrochloric acid. 

The method most commonly used is fusion with bisulphate of 
potash* This renders the oxide of titanium soluble in cold water. 
The process is as follows: — The substance is extracted with 
hydrochloric and nitric adds, and the solution reserved for further 
treiitment ; the residue is dried, moistened with sulphuric add, 
and evaporated once or twice to dryness with hydrofluoric acid. 
It is then fused with l>Lsulphate of potash, and the “melt” ex- 
tracted with cold water until all soluble matter is removed. The 
solution is filtered. The residue may consist of unremoved 
and oxides of tantalum, niobium, and, perhaps, chromium. On 
the prolonged boiling of the filtrate, the oxide of titanium (and 
oxide of zirconium, if any) is precipitated. 

Any titanium dissolveti by the first extraction with acids is re^ 
covert in the follow- ing w^ay ; — Sulphuretted hydrogen is passed 
into the acid solution, and any precipitate that may be formed is 
filtered off. The filtrat e is oxidiMsl, .tud the iron, ^umiuium, and 
titanii^ are separateil as^ basic aceUites (see under /rtm). The 
p 9 *ecipitate is dried and fused with bisulphate of potash. The 
“melt” is extracted with cold water, filtered if necessary, and the 
solution rendered first faintly alkaline with ammonia, then very 
slightly acid with sulphuric acid. 30 or 40 c.c. of a saturated 
soluUon of sulphurous add is added, and the oxide of titanium 
precipitated by prolonged boiling. It is filtered off, added to the 
predpitate previously got, igni^ with ammonic carbonate to- 
^^^rds the end, and th^ weighed. 

poteotioiL— Titanium is detected in an insoluble residue by 
nisiog the residue for some time in a bead of microcosmic salt 
the redacinff flame it gives a violet colour, which beotunes 
radish-brown if much iron is present. In the oxidising flame it 
a odoorlen or whitish bead. It is best detected in acid 
soLutums by the deep brown or iodine odour developed on adding 
hydinzyL A aolutioii of this can prepared pouring p^ 
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ooD^ of bonom (BaOJ diffused in water into dilute hjdroohlorie 
acid (a little at a timeji, and keeping the acid in excens* 
Separation. — In the usual course of an analytical separation 
the hydrate of titanium will be thrown down with ferric hydrate, 
An, on the addition of ammonic chloride and ammonia. It u 
best separated from this precipitate by fusion with bisulphate of 
potash, as already described, but it must be remembered that the 
presenceof much mineral a*‘iil prevents complete precipitation when 
thesolutioD is boiled. Further, if phosjdiates are present, the pre- 
cipitate will contain phosphoric oxide i it may bo freed from thb 
by fusion with sodium carbonate. A very good method of sepa- 
rating titanium from iron is to add tartaric acid and ammonia to 
the solution, and then precipitate the iron (as sulphide) with sul- 
phuretted hydrogen. Tlie tiltrate contains the titanium, which 
is recovered by evaporutiitg and igniting. It may be separateil 
from xirconk by the action of sodium airbonate, which prec^>i- 
tatee both ; but when concent rate<), re<lissolves the xirconk 
The separation from large quantities of silica is host effected by 
evaporating with hydr>lluoric acid, which vulntilisi^ the silicon; 
but sulphuric acid must Iw present, otherwise some titanium aLs^j 
will be lost, as may l)e st'cn from the foflowing experiments,* in 
which oxide of titanium (pim», ignitwi) was evajH)nited to dryness 
with a quantity of hydrofluoric acid known by experiment to be 
sufficieDt to voUtilise i gram of silica. 

WiiA&ut tuiphuric acid, 0.0466 gnim of titanic oxide left 0.0340 
gram, showing a loss of abotit 25 [ler cent. 

ITtM ftUpJturic acid the following results were obtained 

OibltUhM. 

00340 gram • . 

00414 „ . . . 

00520 M • • » 

00352 «... 


fcf rt KrtfionSlM 
and tirniUM. 

0.0340 gram 
0.0413 « 
00520 „ 
00352 . 


GRAVIKSTBIO DSTEEMIKATIOH. 

Tbt titanic hydrate thrown down by ammonia (or on boiling 
tbe solutioti from the bhmlphate) is collected, washed, dritd, 
ignited strongly with the addition of a little ammonic carbonate, 
and weighed. The substance is titanic oxide (TiOgh ^ 
raUT raported as mteb. It contains 60.9B per cent oi titanium* 
liiboiild be white, if ^re (iloUand), white, ydlow, or brows 
(frmmirn^ or black (l^y). 


by P. JBkOmuh la tbi OMsI 
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VOLtrHETBlO HSTHOB, 

A method has been propos^ bailed on the reduction of titanic 
oxide by zinc in hydmhloric acid solutions to the sesquioxide 
The reduction is marked by the development of a violet or green 
colour, the former with chlorides and the latter when fluorides are 
present. The quantity of titanium reduced is measured by titrat- 
ing with permanganate of potai^ium solution. The water used 
must be free from dissolved oxygen. 

TUNGSTEN AND TUNGSTATES. 

Tungsten occurs in nature only in the oxidised state, or as 
tungstic acid (WO,), either free, as in wolframine, or combined 
wijh oxides of manjrinese and iron, as in wolfram, or with lime, 
as in Bche<‘lite. Wolfrtm occurs associated with tin ores, the 
value of wliich is coiisequeutly lowered. Both wolfram and schee- 
lite are of considerable importance as a source of tungstic acid for 
the manufacture of sodium tungstate, which is used as a mordant 
and for some other pur|>o^s, and as a source of metallic tungsten, 
which is used in stwl-making. 

The tungsten minerals l)av0 a high specific gravity (6 to 7.5). 
On treatment with hydrochloric acid or aqua regia they are de- 
composed; the yellow tungstic acid separates and remains in- 
soluble. 

Tungsten itself is iiisobible in nitric acid or aqua regia ; but is 
converted into tungstic acid (WO,) by prolonged and strong igni- 
tion in air. Alloys c«iiitaining tungsten leiive tungstic acid after 
treatment with nitric acid or aqua n^gia. Tungstic acid may be 
got into solution after fusion with alkalies or alkaline carbonates. 
This solution gives with hydrocldoric acid a white precipitate of 
tungstic acid, which becomes yellow on boiling, but the separation 
is not complete. Fusion with bi>ulphate of potash gives a resi- 
due, which does not dissolve in water, but is soluble in ammonic 
carbonate. For the assay of minerals containing tungsten these 
reactions are only occasionally Uken advantage of for testing or 
purifying the sef^rated tungstic acid. 

Detoction. — The minerals are easily rect^pused by their 
physical characters, and the yellow tungstic acid separated by 
boiling with acids is the best test for its presenoe ; this, after de- 
c^ting and waging, immediately dissolves in a few drops of 
dilute ammonia. A solution of tungstate acidulated with hydro- 
(dfloric add becomee intensely blue on the addition of stannous 
chimide and warming. Fused in a bead of miorocoBinie salt it 
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givw * dear Une colour (reddiah-brown if iron it dao present) in 
the reducing fiame, but ia colourless in the oxidising Same. 

Solution and Separation. — The decomposition and solution 
of natural tungstates is difficult to elTect owing to the separation 
of tungstic add ; the method of treatment is as follows : — BoU 
the finely-powdered substance with hydrochloric acid or aqua 
regia till it apparently ceases to be attacked \ dilute, filter, and 
wash with dilute hydrochloric acid. Cover with dilute ammonia, 
and filter the solution, which contains ammonic tungstate, into 
an evaporating dish. Treat the residue jqjain with acid, anti 
again dis^ve out the separated tun^ic acid with ammonia, and 
repeat this operation until decomposition is complete. By llii< 
means there will be obtained — (i) a solution containing tungstate 
of ammonia; (}) an insoluble residue with silicates, and oxides of 
tin, niobium, tantalum, Ac. ; and (3) an acid solution containing 
the soluble bases. The tungstate of ammoiiia requires simple 
evaporation on the water-bath and gentle ignition in order to 
cause the tungstic acid to be left in an almost pure state ; possibly, 
it may carry a little silica. 

GRAVXMETEIC DETEBMIKATZON. 

The tungstic add is dissolved, and separated as ammonic tung- 
state, and, after evaporation, is gently ignited, the heat b<dn;; 
incTMised towards the end. The re^^iiUial tungstic acid is fixed, 
so that when the ammonia has been driven oft it may bo strongly 
heated without loos. It is a dark yellow or brown powder whilst 
hot, which becomes a light yellow on cooling. If any re<i action 
has taken place it will be more or less gre<uii.*ih. It is weiglud 
when cold, and is the trioxide or “tungstic acid ” (WO,), which 
contain.^ 79.31 per cent, of tungsten. After its weight lias Ix^n 
taken its purity is cheeked by fusing with Itydric pohiasic sulphate, 
extracting with water, and treating the rosiduo with ammonic 
carbonate. Any silica pr^nt will be left undissolved ; it sliouM 
be separated and weighed, and iU weight deducted from that ui 
the tungstic acid found. 

BetOTnination of Tungitio Acid in Wolfiram.— Take 
t grams of the finely-powdered sample and boil with 50 c.a 
of nydrochloric acid for half an hour, adding 5 c.c. of nitric 
adid towards the end. Allow to stand overnight and l>oil 
•gain for 15 or 30 minutes; dilute with an equal volume of 
water, and filler. Wash with dilute hydrochloric acid, dissolve 
in a few m , of warm dilute ammonia, and dilute to 300 c.c, with 
dtttOlad water ; allow to aatUe, and fiH«. Evaporate in a weighed 
di^ and wsigli. 
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The following analysts will illoHtrate the composition of a 
aample of Cornish wolfram as brought into the market : — 


Tangle acid . • . 

Oasnterite .... 



50.1 •/. 
10.9 

Ferrous oxide . 



24.6 

ManganouA oxide 



5*4 

Niobic oxide, alumina, &c. , 



3-5 

Silica 



1.2 

Copper oxide 



2.7 

Zinc oxide .... 



0.22 

Anrenic , . • » 



0.51 

Bulpbtir • • « • 



0.20 




99-33 


KIOBIC AKD TANTALIC OXIDES. 

These oxides are commonly met ^eith in samples of wolfram and 
tinstone, especially niohic. They are probably present in the 
form of coUimbite, a niobate of iron and manganesej and tanta- 
Ute, a tant4ilate of the wime metals. 

On boiling with hydrochloric acid they are both liberated, and 
remain for the greater piirt (all the niobic) in the insoluble 
residue with the tungstic acid. On removing the latter with 
dilute ammonia they remain jis a white insoluble precipitate, very 
prone to run thrf>u*gh the filter on washing. They may be di^ 
solved in hydrofluoric acid cither at once or after fusion with 
bisulphate of potash, and extraction with cold water. To the 
solution in hydrofluoric acid gr;ulua}ly add a boiling solution of 
acid potassium fluoride { H F, K F. ). Potassic fiuotantalate (soluble 
in 200 parte of water) separates out first, and afterwards potassic 
fiuoniobate (soluble in 1 2 parts of water). The se|>arat^ salts 
(after heating with sulphuric acid and washing out the potassium 
sulphate former!) are ignito<l with ammonic carbonate, and weighed 
as tantalic oxide (Ta^O^) and niobic oxide (Nb,Oj) respectively. 

They are both white powders. The oxide of niobium dissolved 
in a bead of micrrK‘<ismlc salt gives a bluish colour in the r^udng 
flame. The oxide of tantalum dissolves in the bead, but gives no 
colour. 
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1CA90ANSSE, OHBOMITTM, to. 

MANOAKESK 

Havoakese occurs mainly as black oxido (MuO,) in the mineral 
pyrolusile ; and, in a W pur® form, in psilomclane and wad. 
lie v^uo of the ore depends rather on the percenta^jo of avail- 
able oxygen than on the pro}x>rtioii of metal ]ire«ent, The resuh^i 
of assays are generally rejx)rtetl as so much pt*r cent, of the dioxide 
(MnOJ. In smaller quantities it is very widely distrihutetl. 
Manganese itself has a value for steel-making ; or, rather, for tlie 
making of spiegeieisen and ferro ma«gnrie4;»% wldrh are us<.mI iu 
the Bessemer and Siemens prtweauk^. For this purpiae the per 
centage of the metal (Mn) is required. Consetpiently the minendH 
»f manganese may be consider^ in two (t) as a sounds 

of oxygen ; and (3) as a suuit^ of manganese. These will require 
■epaiate consideration. 

The black oxide is mainly used in the pre|KirAtinn of chlorine, 
liberation of which it brings about when tnaleil with hot hy(ln> 
chloric acid, or with a mixture of common will and sulphuric 
acid. The quantity of chlorine which is ohuined depends tq)oii 
ibe proportion of dioxide present;* and in assaying may either 
be measured by its equivalent of iodine lilteratetl, or by the 
oxidising efTect on an add solution of ferrous sulphate. When 
the ore also carries substanoes which have a nsducing eOeet 
(such as ferrous compounds), such assoys will give, not the total 
wxide (MnO^, but lees, by the amount re({utr^ to oxidise the^' 
imporitiee ; and this ts exactly what is required in valuing sudi 
an ore for commercial porposea Manganewe compounds arc 
characterised by the re^nesa with which th^ may bo con- 
verted into highly^xidised bodice. Bolution of manganewe in 
hydrodUtm add, rendered alkaline with ammonia, yiel^ a rioar 
•button, t wbkh rsjadly takes up oxygen from the air, fonuing 
a brown predpitata ii Mie oxide (Mn^O.), Hie addition d 

♦ geofiaed a laMdeiicy of aatwmk cMoride It pwesa*. 
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bromine or chlorine to such a solution determinee the precipi- 
tation of a still higher oxide (approximately MnO,). On treating 
a compound containing manganese with nitric add and dioxide 
of letd (PbOJ, the oxidation is carried still further, a purple- 
cdoured solution of permanganic acid (H^InO^ or H,0«Mn*0jl 
being formed. On fusing minerals containing (even traces of) 
manganese with sodium carbonate in an open crucible, a green 
^ melt ” is obtained which owes its colour to sodium manganate 
(Ka,MnO^ or Na^O.IInO,). Tliis salt is soluble in water, forming 
a gr^Q solution ; which, when rendered acid, rapidly. changes 
into the permanganate with the characteristic purple colour. 
Permanganate of potash is a salt much used in assaying, with 
some properties of which the student will have already become 
familiar. % . . . 

Compounds of manganese, on V>iling with strong hydiyihloric 
acid, yield manganous chloride * (MnC4). 

The properties given above serve for the detection of manga- 
nese ; the higlier oxides are distinguished by causing the evolution 
of chlorine (with its ixK ulbrly sulTocating smell) when acted on 
with hydrocldoric acid ; while the green “ melt,'' with sodium 
carbonate, can be rtdicMl on for the recognition of manganese 
itself. There is no dry tis^iy of manganese ores, 

WET METHODS. 

Strong hydrochloric acid U the best solvent for 01 ^ of man- 
ganese; but where the pnj|w»i tion of dioxide (MnO,) is required, 
the solution is effw'UHl during the assay. The ore should be in 
a very fine state of division b(*fore treatment with acids. 

The sejAration of manganese from other metals is thus effected : 
Ignite, in order to destroy any organic matter which may be 
present ; dissolve in hydrochloric a*id, and evaporate to dryness, 
to separate silica. Tjike up with hydroi’hloric acid, dilute, pass 
sulphuretted hydn^n, and filter. Boil off the^ excess of gas, 
peroxidise the irt:n wdth a drop or two of nitric acid, and separate 
the iron m bsusie acetate (as describeil under /rofi).f If the iron 
precipitate is bulky, it is dissolved in a little hydrochloric arid, 
reprecipitated, and the filtrate added to the original one. 
traUae with soda, and add bromine in excess; heat gr^ually 
to boiling, allow to settle, and filter. The precipitate is «np^ 
dmxide of manganese (containing alkahes and, possibly, cobalt 
ornkkel). 

• Wth •'jf m 4c., a i^eliminary fiastoa with sodium carbonate 

will necciMuy. . , 

1 1nstead of wdiuin aoetete, ammooiam toodn^ can be asod. 
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GBAVIKSTEIO BETSEHIHATIOlf. 

Dissolve the precipitate in hydrochloric acid, and boil ; add a 
alight excess of carbonate of soda, warm, and filter. Wash with 
hot water, dry, carefully ignite in an opn Berlin crucible^ and 
weigh. TUe substance is the brown oxide (Mn,OJ, and oontains 
72.05 per cent, of manganoie. If the percentage of dioxide is 
require it may be calculated by multiplying the percentage of 
manganese by 1.5S2. It must be borne in mind that the man- 
ganese should never be calculated to dioxide except when it is 
known to exist in the ore only in that form. 


VOLUMETRIC METHODS. 

The two methcxls are based on the oxidising elTt ot of manganese 
dioxide; and if the metal does not already exist in this form 
it will require a preliminary treatment to convert it. The 
following method due to Mr, J, Pattinson • eflects this: A 
quantity of the ore containing not more than .25 grams of 
the metal (Mn), is db^solved in hydrochloric acid in a pint beaker, 
and, if nece^^.sar^‘, 3 or 4 c.c. of nitric acid ore adilwl to pcroxidisc* 
the iron, and ferric chloride is added if required, so that there 
may be at least as much iron as manganese. Calcium carbonate is 
addeii till the solution is slightly red; and next the redness is 
removed by the cautious addition of acid ; 30 c.c. of rinc chloride 
solution ((^mtaining 15 grams of zinc per litre) are added, the 
liquid is hn)ught to boil and diluted to about 300 c.c. with boiling 
water ; 60 c.c. of a solution of bleaching powder (33 grains to the 
litre and filtered), rendered slightly gt e«'nish by acid, are then run 
in and are followwl by 3 grams o( mlrittm cortionaU* suspcndeti 
in 15 c.c. of boiling waUsf. l>urtng efTervcwence the beaker b 
covered, the pren^iiate is stirred, and 2 c.c, meibytaied spirii 
are mixe«l in. uie pred|iitate ii cdlecied cm a Urge filter 
muihed with cold water, and then with hoi, UU free from chlorine, 
which is iested for with staich and poUsaium iodide. The arid 
ferrous sulphate solution (presenUy described) is thm measures) 
mio the beako', and the precipitate, still in the paper, added ; 
■tore adid is add^ (if uecesHurr), and the soluitoti is atluted and 
littaAeA In place of bleaching powder solutkm, 90 CA. ef 
bio^iie wilsr (oouUuning sa grams pm* litre) may be nsedl 

* /ewa. Ac, C9i<si. isdsdry, voL x, 
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FEEH0U8 SiriiPHATB ASSAT. 

This method, which is the one commonly used, is based on the 
determination of the amount of ferrous iron oxidised by a known 
weight of the ore. It is known that 87 parts of the (hoxide will 
oxidise X12 parts of ferrous iron;^ therefore i gram will oxidise 
1.287 gram of ferrous iron, or i gram of ferrous iron oxidised will 
be equivalent to 0.7768 gmm of the dioxide. The finely-divided 
subsUnce containing the dioxide is digested in a solution of a 
known quantity of iron in sulphuric acid. The iron, of course, 
must be in excess, which excess is determined when the ore is 
dissolveil by titrating with standard permanganate or bichromate 
of potash solution. The assay resolves itself into one for the 
determination of ferrous iron, for which the standard solutions 
and method of working descrilied under Iron are used. 

The assay is as follows: — For rich ores, 2 grams of clean soft 
iron wire are treated, in a pint 6ask, with 100 c.c. of dilute 
sulphuric acid and warmed till dissolved. Carefully sample the ore, 
and in one portion determine the “ moisture at 100“ C, grind 
the rest in a Wedgwood mortar with a little pure alcohol until 
free from grit. This reduces the substance to a finely-divided 
state and assists solution. Evaporate off the alcohol and dry at 
ICO* C., mix well, and keep in a weighing-bottle. Weigh up 
2 grams and add them to the solution of iron in the flask ; carefully 
wash it all down into the acid liquid. On rotating the fliisk the 
ore will rapidly dissolve, but gentle heat may be used towards 
tbe end to complete the solution. When the residue is clean and 
sandydooking, and free from black particlea, the flask is cooled, 
and the residual ferrous iron is determined by titration with ** per* 
manganate.” Tl^e iron thus found, deduct^ from the 2 grams 
taken, wiU give the amount of iron pemxidised by the dioxide 
contained b Uie 2 grams of ore. This divided by 2 and 
mtiliiplied by 77.6S will give the percentage of dioxide in the 
sample, or multiplied by 49.41 will give thAt of metallic manganese. 

When the quantity manganese or of the dioxide to be deter- 
mbed is small, it is not neoeemry to use 2 grams of iron ; i grazn, 
0*“ even lees, may be taken. The iron may be used in the form of 
e standard solution of ferrous sulphate and portions measured off, 
thus aavbg tlm labour of weighing. 

• llii0^+*feW.+aH^*»Fe,(S0J»+llBS04+*H.a 
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Detonninstion of Dioxide in % Itanfaneee Ore.— Wei^ 
up I or 2 gruDB of the finely-powdered ore * and an eqna! weight 
ox pure iron wire, diaaolve Uie wire in 50 or too c.c. of dilate snl- 
phnrio add, and, when solution is complete, add the ore and warn 
till it too is dissolved. Cool and titrate the remaining fexrons 
iron with the permanganate or bichromate of potassium solution. 

For example, 0.7560 gram of pyrolusite and x.ooo gram of 
iron were ti^on and treated as above; 13.9 c.c. of ** perman- 
ganate ” (standard 100 c.c. a 0.4920 gTiim iron) were required; 
t hi« indicates that 0.06S4 gram of iron was left nnoddised by the 
mre. The iron oxidised, then, was 0.9316 gram (1.000-0.0684); 
mnltiplying this by 0.7768, we find that 0.7237 gnun is the 
quantity of manganese dioxide which was present. This U 
equivalent to 95.77 per cent. ; 

0.7560 : 0.7337 : : 100 : 95.77. 

IODINE METHOD. 

It has been already stated that when dioxide of manganoee is 
boiled with 8tn>ng hydrochloric acid chlorine is given off, and 
that the amount of chlorine so liberated is a measure of the 
dioxide present. If the chlorine is passes! into a solution of 
potassium iodide, an equivalent of iodine will bo set fpee.| This 

is apparently a very indirect 
way of determining how much 
of the dioxide is piveent ; but 
the rtMictiiJns are very sharp, 
and the final doterminaUon 
of the iodine is on easy one. 

Tlie finely-p()wder®«l sample 
of dioxide is placed in a small 
fiask provided with an exit 
tube leading into a solution 
of |K>tASjiic iodide (fig. 60). 
On adding hydrochloric acid 
and boiling, the chlorine 
evolved is driven into the 
io<iide solution and there ah 
sorlTcd ; the boUing is con 
tinmmA tOl tho tieuBt and bydrocliloric acid fumes have driven the 
portiooi of the chlorine out of the fiask and into the solution. 
In experiment there is a strong tendency for the iodide solu- 

e If the ora is very rich, a smaller qoaatity (075 or 1.$ gram) mnsl be 
taken ; olheririie the iron will be iosiifioieQt. 

t llfi0.4>4Ha-iHaai,4^^tCnr 

CV+aKUtXa4lr 
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tioD to rush back into the flaek. This tendency w overcome by 
avoiding draughts and regulating tha beat; or by placing a lump 
of magneate in the flask, which acts by evolving carbonic acid and 
eo producing a eteady outward pressure. When the distillation is 
flnished the tube containing the iodine is detached and washed 
>ut into a beaker. If the solution is strongly acid it should be 
almost neutralised by the cautious addition of dilute ammonia. 
If cmtals of iodine have separated, potassium iodide must be 
atlded in quantity suflScient to dissolve them. The condenser 
must be kept cool whilst the chlorine is passing into it. 

The solution, transferred to a beaker, is titrated with a standard 
solutton of sodic hyposulphite (100 c.c. ==1.27 gram iodine or 
0-435 of dioxide of manganese). In titrating, the solu- 

tion should be cold, or not warmer than 30* C. The bulk 
may vary from 100 to 200 c.c.; but it is best always to work 
with the same voluma The **hypo" is run in with constant 
agitktion until the brown colour has been reduced to a light 
yellow ; 5 c.c. of starch solution are then added and the titration 
cautiously continued until the end is reached ; the finish is indi- 
cated by a change from blue to colourless. 


The assay solution may be acidifled with acetic, sulphuric, 
or hydrochloric acid before titrating with “hypo;” but it 
must be only faintly so. An excess of acid may be nearly 
neutralised with ammonia without interference, but excess of 
alkali is fatal. Bicarbonate of soda must not be used in • 
it is beet to avoid it altogether. The assay solution should be 
titra^ at once, as it w^eus on standing; and the “hypo" 
solution ihould be standardised every two or three days, as its 
strength is not constant. 

stondord solution of hypotulphiu of toda is made by dis- 
solving 25 grams of the salt (N^a^jO,.5HjO) in water and diluting 
to I 11U%. 100 C.C. are equivalent to 1.27 gram of iodine. 

This solution is standardised by weighing, in a small beaker, 
about half a pam of iodine, to which is added a crystal or two of 
pota^um^ iodide and a few drops of water. When dissolved, the 
elution Is diluted to 100 c.c., and titrated in the manner 
described. The starch solution is made in the manner described 
under the io^de copper assay. 5 c.c. are used for each titration. 

In determining the eflects of variations in the condition of the 
®^y a solution of iodine was used, which was equivalent in 
strength to the "hypo" solution. It wtis made by dissolving 
12.7 grams of iodine with 25 gnuns of potassium iodide in a little 
diluting to I litre. 100 c.c. of this solution wers 
^ ^ eipsriments) to be equivalent to [os,e e,#! 

“/IfW 
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Sffeot of Varying Temperature.— The bulk of the solution 
wtu 100 0.0. ; 30 C.C. of iodine were taken, and $ 00. of starch 
solution were added towards the end as indicator. These condi< 
tioQS are also those of the other experiments, except where other- 
wise stated. Iodine being volatile, it is to be expected that with 
hot solutions low results will be obtained. 

Temperature . 15* 20" 40* 60* 80* 

“Hypo” required 30.4 c.o. 30.4 c.0. ao, 19.30.0. 15.50.0. 

These show that the tcmj>omturo should not much excee<l 20*. 

Sfilbot of Exposure of the lodino Solution. — Twenty c.o, 
of the iodine were diluted to 100 c.o., and exposed for varying 
lengths of time in open beakers at the ordinary temperature, and 
then titrated. 

Time exposed . » — I day 2 days 3 days 

“ Hypo required . 20.4 c.c, 16.1 c.c. 13 6 c.c. 9 4 c.c. . 

Effeot of Varying Bulk. — Tht*?^ exjieriincnU were carried 
out in the usual way, bulk only varying. 

Bulk . . loao c.c. 200.0 c.c. 300.0 c.c. 5000 c.o. 

“ Hypo” requircil 20.4 » 20-4 „ 204 ,, 20.4 „ 

Effect of Varying Acid. — Tho.so exj^riments were umler 
the usual conditions, the bulk being 100 c.c. The rosulU were— 


Acetic acid 

. — 

1.5 c.c. 

30.0 c.0. 

**Hypo” require<I 

. J04 c.c. 

20 .7 „ 

20 .7 „ 

Hydnjrhloric and 

— 

1.5 c.c. 

150 c.o. 

** Hypo " r«'qu!rtHl 

. 20.4 c.c. 

20.6 „ 

30 9 „ 

Solpburic arid . 

** Hypo " rvquired 

. — 

0,5 c.c. 

20.0 r,c. 

. 304 C.C. 

20-7 M 

IS 1 M • 

NMtric add . 

. — 

0,5 c.o. 

10 ore. 

“ Hypo ” requirtxi 

. 30.4 C.C. 

11 5 

could not be tJtnted. 


In the application of this titration to the assay of mangano?» 
ores, hydrochloric and hydriodic acid.s am the only ones likely to 
be present. 

Effect of Alkalies.— On thwretical grounds the presence of 
these is known to be iimdmisaible. A solution rendered fuiiult 
alkaline with ammonia required only it. 3 c.c. of **hypo;’' ami 
anotl^, with 0.5 gram of caustic soda, required 4.0 C.C. inMcsd 
of 30.4 c.c. us in neutml solutions. 

of nearly Neutralieing Hydroohlorio Aold Solu 
tioiiA with Ammonia.— Provided care is taken not to 

* ImHm probity tost by volatilliatton. 
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$jcem of ammonia, ihia haa a good efiect, oounteractiDg the inter- 
ference of excess of acid. Thus 20 c.c. of iodine (as before) 
required 20.4 c.c. of “hypo;” with 15 c.c. of hydrochloric acid 
30.7 c.c, were required, but with 15 c.c. of acid, nearly neutral- 
ised with dilute ammonia 20.4 c.c. were used. 

Effect of the Addition of Starch.— The addition of varying 
quantities of starch has no effect, provided it is added when the 
titration is nearly finished, as the following experiments show: — 

Starch added . 10 c.g. 50 c.c. 10.0 c.c. 50.0 CjO. 

Hypo ” required 20.4 „ 20.4 „ 204 „ 2a$ ^ 

But if the starch is added before the titration, the results aie 
liable to error. 

Starch added * • 1.0 co. 500 c.o. 

“ Hypo " required , 204 „ 24.0 „ 

The starch should be used fresh, and is best made on the day it 
is u«e<l ; after four days the finishing point is not so good. 

Effect of Varying Potassium Iodide. — An excess of iodide 
; is always rcHpiired to keep the iodine in solution; a larger excess 
has little effect. 

Iodide added . , 1 gram 20 grams 

“ Hypo required . 204 c.0. 20,5 c.c. 3a6 c.c. 

The 20 C.C. of iodine used, itself contained 0.5 gram of potaanum 
iodide. 

Effect of Foreign Salts. — 

Bicarbonate of soda 

added . . . ~ 0.$ gram 1.5 gram 5.0 grams 

"Hypo” required . 204 0.0. 1S.2 c.0. 17.1 c.0. 16.0 c.c. 

The solution obviously must be free from bicarbonate of soda. 
This should be remembered, since when titrating arsenic assays 
with iodine it must be present ; and students must avoid con- 
founding the two titrations. 

In eome other experiments, in which xo grams each of the salts 
were taken, the following resultc were obtained : — 

Salt added . — AmQ AmKOg Ab^SO, 

" Hypo ” required , 204 e,c. 205 c.c, 20.$ o.c. 20.2 0.0, 

Balt added . KaCl NaNO, Na,SO, 

" Hypo " required . 20.3 c.c. 2a4 o.a 204 OA 

Bflbot of Varying Iodine.— 

Iodine added « 10 c.c. 10.0 c.c. 20JOC.C. 50.000. 100.00.0. 

" Hypo ” required 1.3 „ 10.2 „ 204 „ 51.0 „ 102.0 „ 

l^ttennination of Dioxide in a Hanganeae Ore.— Wdgh 
ap 0.35 to 0.3 gram of the powdered ore; place in a flask, cover 

C * 
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with 10 ao. of hydrochloric acid, and close the flask with a paraf- 
fined cork, and bolba (as shown in fig. 6o), having previously 
charged the bulb with 5 grams of potassium iodide in strong solu- 
tion. Heat the flask, and boil cautiously for about fifteen 
minutes. Wash the contents of the bulbs into a large beaker, 
nearly (but not quite) neutralise with dilute ammonia, and titrate 
with the standard hypo.” 

As an example, 0,2675 pyrtilusite was taken, and re- 

quired 60.3 c.c. of standard “hy{>o” (100 c.c, e({ual 1.185 gram 
iodine, or 0.4042 gram MnOJ, which 0.2437 of the 

dioxide or 91.1 per cent. 

COLOHIMETBIC METHOD. 

When compounds of manganese free from chlorides are boiled 
with nitric acid and dioxide of lead,* the niangiinase is converged 
into permanganic aotd, which is soluble and tints the solution 
violet. The depth of colour de|>ends on the amount of manganese 
present, and this should not much exceed 10 milligrams. A 
quantity of substance containing not monj than this amount of 
manganese should be Ixaled for a few minutes with 25 Cfi. of a 
solution containing 5 c.c. of nitric acid, and 10 or 20 c.c. of dilute 
sulphuric acid, with 2 or 3 grams of lead dioxide. Filter through 
asbe^os, wash by decantation with dilute sulphuric acid, make up 
with distilled waterf to a definite bulk, and take a measured por- 
tion for the colorimetric determination. 

The standard solution of manganese is made by dissolving 
e.1435 gram of permanganate of pot<uvh (KMnO^) in a little 
water acidulated with nitric acid, and diluting to 1 litro. One 
CO. will contain 0.05 milligram of mangui^ese. 

mCTlCAl SXKRCtSES. 

I. What percentoi^ of manganese (Hn) ii contalnc<l In permanganate of 
potash (KMnOJ f 

a. c.c. of a notation of permanganate of potash ia found to oxIdUe 
to c.c. of an acid solution of ferrous sulphate. Tlte manganoM is 
determined In the Utrat<sl solution by predpitation as dioxule 
a;^ titrating. How much of tho ferrous tolulion will be oxidised 
in the eecoM titration t 

3, What wdght of potassium iodide would be fust suffident to absorb 
the emortne troUed by as gram of pure dioxide of manganese f 

* Obtained ae a brown powder bj digesting red lead with nitric add and 
filtering. 

t The water for dfiodoa and the dilute eulphurfo acid used for wvhin^ 
^ooid be peertoody tested, to see they bate no redudog adloii, with 
4!^ pensanganate of potaadimi lolntkm 
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4. Wbat weight of iron must be dissolved up so w to have an exoasi ol 

0.25 gram after oxidation by 1 gram of pare dioxide f 

5. What weight of the brown oxide, Mn, 0 ^ wOl left on ignitisg 

I gram of the pure dioxide! 


CHROMIUM. 

Chromium occurs in nature chiefly as chromite or chrome iron 
ore (FeO,Cr,0„ with more or less MgO and A1,0,), which is the 
chiei ore. It is a constituent of some silicateSf and is frequently 
met with in very small quantities in iron ores. It occurs as 
chromate in crocoisite (PbCrOJ, and some other rare minerals. 

The metal is used in steel making. Steel containing about 0.5 
per cent, of it is rendered very hard ; but its chief value is in its 
salts, the chrtjmates. These are highly^coloured compounds, gene- 
rally red or yellow. Some of the insoluble chromates are used as 
pigments ; chromate of lead or chrome-yellow is the most impor- 
tant. The soluble chromates, those of soda and potash, are valu- 
able chemicals, and are largely u-setl in the preparation of pig- 
ments, dyeing and tanning, and as oxidising agents. 

Chromium forms two important chutes of compounds — chromic 
salts, corresponding to the oxide CrjO,, and chromates, which 
contain the trioxide CrO,. Solutions of chromic salts are green, 
whilst those of the chromates are yelloiv. Chromates are reduced 
to chromic salts by the action of most reducing agents in the pre- 
sence of an acid ; and this property is used in assaying for the 
volumetric determination of ferrous iron, Jm;. Tlie chromates in 
solution are more stable than other similar oxidising agents, and 
consequently are generally used in the laboratory as one of the 
standi oxidising agents for volumetric analysis. They have the 
disad^ntage of re<]uiring an outside indicator. Bichromate of 
potash (K,Cr,0,) is the sSt generally used for this purpose. 

Chromic salts are oxidised to chromate by fusion with fusion 
mixture " aud nitre, or by treiUing with chlorine in an alkaline 
solution* 

Chromic salts closely resemble those of ferric iron, and in the 
ordinary course <rf analysis chromic hydrate (green) is preci[utated 
together with ferric hydrate, alumina, iai,y on the addition of 
ammonm (boride and ammonia. The ignited oxide, Cr|0|, 
however, is not reduced on heating to redness in a current m 
hydrogen. 

l>eteotioiL--Chromium is detected by fusing the powdned 
substwoe with ** fusion mixture ” and nitre. The melt ia ex- 
tracted with wi^ and filtered. The fiiltrate ia addified with 
aoetift mdf and treated with a few drope of a edutkm of lead 
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acetate. A yellow precipitate indicates chromium. Substances 
containing chix^ium impart a green colour to the borax bead in 
both flamea. Small quantities of chromate in neutral solution 
can be found by the dark or violet- rod colouration imptirted 
thereto on boiling with n dilute decoction of logwood. 

Solution and Boparation.— Chromates and chromic salU are 
generally soluble in water or dilute aciiUt. Chrome iron ore, 
however, and ignitetl chromic oxide are insoluble ; and the former 
presents considerable difficulty on attempting to open up by 
the usual methcals. A large number of inixtmio have been tno<l 
in order to get all the chromium in a soluble form. Among these 
are the following. One jairt of the very finely-powdered ore is 
fused with any of these mixtures. 

(1) 10 parts of l)i.«alpltate of potash. 

(2) 5 ftart.H of f)Uulphate of p^aosh and 5 part^ of potaxsium fluoride, 

{3) 5 of hydrio lluorido. 

(4) 12 j^artx of bi!iulph.'itf of potash ; and, aflcm*ar<lx, with 6 jtfuls of 

carbonate of soda and 6 fyirts of nitre. 

(5) 8 part.*^ of borax ; afterwanU, with caritonalo of so<U liU il ceasr^x 

to efTervoaco; then, wiih 3 parte of carbonate of soda and 3 of 
nitre, 

(6) 4 parts of borax and 6 ptrts of fiwion mixture. 

<7) 12 parts of caustic |>t?tash. 

(8) 10 |5!arts of caustic strtla anti 30 of niatmc?'la. 

(9) 5 fiarts of caustic ms La and 3 of ma^'ikC'.Li. 

. iol 2 parts of carbonate of stxla and i of linie. 

(11} 6 fsirts td and 2 of cbl»»rale of {otasli. 

(12) Sodium perosida 

Of these, numbers 1,2, and 3 yiidd tlie chromium in a form 
soluble in dilute acids, as chromic «ilt. The rest in a form 
M^oUe in water, as potassium or sodium chromate. 

On boiling an iinsuluble chromium c(>in|x>und with chlorate of 
fHjtaah and nitric acid, the chromium passes into stdulion ns chro- 
mate. This method, however, does not answer for chrome iron ore. 
In the fusion methois the r re must Ire very finely pow*derod, well 
mixed with the fluxes, and subjecttnl to a prolonged fusion in a 
platinum veasel at a high temperature. Undecoraposetl particles 
require re-fusion. 

The aqueous extract containing the chromate is ready fut 
volomeUic work, except in those cases wlicre nitre has been use^l. 
For gravimetric work the solution U acidifie<l with hydrochloric 
acid, then mixed with ammonia in slight excess, boiled, and 
The filtrate is acidified with hydrochloric acid, and 
treat43d with sulphurette<i hydrogen, warmed, rendered slightly 
*llndttia frith ammonki, and the gas again |xiKsed. The chromium 
is pisdpiUtsd as ehroBUc hydmte mixed with sulphur frout Ute 
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reduction with Bulphurettcd hydrogen. It is filtered off, washed 
with hot water, and ignited. It is weighed as chromic oxide. 

GEAVIMETHIO DETEEMINATION, 

The solution containing the chromium, freed from other metals 
and earths and in the form of (green) chromic salt, is heated to 
boiling. If any chromate is present reduce it with sodium sul- 
phite or sulphuretted hydrogen. Add ammonia in slight excess, 
boil till the liquid is free from a red tint, and allow to settle for 
a few minutes. Filter, wash with hot water, dry, and ignite 
strongly in a loosely -covered crucible. Cool, and weigh. The 
substance is chromic oxide, Cr^Oj, and contains 68.62 per cent, of 
chromium. It is a dark-green powder insoluble in acids. 

When, as is generally the case, the chromium exists altogether 
as chromate (phoj^phates and arsenates being absent) it is best to 
proceed as follows ; — Render the solution acid with acetic acid, 
then add soiliuni a<‘elate to the solution and heat nearly to boil- 
ing ; next trt-at with a sliglit excess of acetate of lead, and boil, 
.^.llow to setflc, and filter. Wash the precipitate with hot water, 
dr)^ in the wau-r oven or at a low temperature. Transfer the 
precipitate -to a weighed Ilerlin crucible, burn the filter separately, 
ignite below iinlness, cool in the desicaitor, and weigh. The sub- 
stance is leail chiTUTUite, PbCrO^, and contains 16.1 per cent, of 
chromium, or 23.53 diromic oxide (Cr,Og). 

VOLUMETRIC METHOD. 

This is based on the oxidation of ferrous iron by the solution 
:)ntaining the chromium os chromate. A known weight of iron 
0.5, I, or 1.5 gmm, acrortling to the quantity of chromate) is 
disjiolved in 50 c.c, of dilute sulphuric acitl. The solution con- 
taining the chromate is adde<l, and the remaining fenx)us iron 
litiuted with the permanganate or bi< l.romate of potassium solu- 
tion, as describe^l under Iron, The iit)n thus found is deductetl 
from that taken, and the difference gives the iron oxidised by th« 
chromate. This multiplied by 0.3101 give*^ the chromium, Cr, 
and when multiplied by 0.4539 gives the chromic oxide, Cr, 0 ,. 

COLORIMETRIC METHOD. 

Small quantities of chromium may be determined, aftefr con- 
version into chromate, colorimetrically. The solution, which 
should net contain more than a few milligrams in roo tc., is 
mid ified wiUi acetic add and compared against an equal votume 



TEXT-BOOK or A88ATIKO. 


310 

of wAtor rendered add with acetic add and tinted with astandard 
bkhromate of potaedum eolation. This standard bichromate ie 
made by dissolving 2.837 grams of the salt in water and dilating 
to I litre. One c.c. will contain i milligram of chroxnium» Or. 
The manner of working this assay is the same as that adopt^ in 
the other colorimetric processes. 

Determination of Chromium in Steel.*— Weigh ap 2.4 
grams, dissolve in hydrochloric acid, and evaporate to dryness. 
I^]se with sodium carbonate and nitre, extract with water, and 
make up to 301 c.c. Take 350 c.c. of the clear liquor, boil with 
hydrochloric acid, add sodium phosphate, and then ammonia in 
slight excess. Heat till clear. Filter off tl»e precipitate, dissolve 
it in hydrochloric acid, and evaporate to diynesa. Take up with 
a little acid, hlter, and pm*ipitate with a slight excess of ammonia. 
Wash, ignite, and weigh as chromium phosphate (3Cr,0,,3P,0J, 
whkh coiUains 43.3 per cent, of chromium. 

VANADIUM. 

Vanadium occuts in certain rare minerala, such as vanadinite 
(3Pb,(VO^),.PbCl,), a vanadate of lead ; mottramite, a vanadate of 
copper and lead ; and dechenite, a vanadate of lead ami zinc. It 
is occasionally found in iron and copf^r ores and in the slags 
from them. In Spanish copper* precipitates it is found along 
with chromium, and is prolmbly derived from the iron used for 
precipitating. Tlie vanadates, like the chromates, are coloured 
compounds, generally yellow or red. On reduction, blue solu’ 
lions an got. In tbeir general reactions vanadates resemble 
phosphates. 

Vanadium is detected by the red colouration produced by pass- 
ing sulphuretted hydrogen into amnioniacal solutions for some 
time. On adding an acid to the filtered solution a brown preci- 
pitate of the sulphide is produced. Tliis gives with borax a 
ookmrlem bead in the oxidising, and a green one in the reducing, 
Baoa. 

It is separated by fusing the ore with potassic nitrate, exUact- 
tng with water and precipitating with baric chloride. Tlie preci* 
plate is boiled with <ulute sulphuric acid, filtered, neutral- 
ised with ammonia, and saturated with ammonio chloride. 
Amuimihun vanadate separatee out. It is filtered off, ignited, 
and wm^ied as vanadie oxide, V^O,, oontainbg 56.18 per cent, 
ef vasaduum. 

Arnold and Hardy, (ftisiiarf ATsus, vol. IviL p. 153. 
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MOLYBDENUM. 

Molybdenum occurs in nature chiefiy as molybdenite (MoSt) ; 
it also occurs in wulfenite, a molybdate of lead (FbMoOJ, and 
in molybdic ochre (MoO,). 

Molybdate of ammonia is an important reagent in the deter- 
mination of phc^phates, the manufacture of which compound is 
the chief purpose to which molybdenum is applied. 

Iron and copper ores freciucntly contain molybdenum, some- 
times in quantity; consequently it is met with in slags and 
pig-iron. 

Molybdenum forms several seri^ of salts. In those corre- 
gponding to the lower oxides it is basic ; but the trioxide (MoO,) is 
the acid oxide which forms a series of salts called the molybdates. 
All molybdenum compounds are converted into the trioxide by 
bdiling with nitric acid. The trioxide is a white powder readily 
di.ssolved by ammonia. It fuses at a red heat, and volatilises freely 
in contact with air. It is slightly soluble in water. 

Molybdates nro easily reducetl, w*ith tlie production of coloured 
solutions, by most reducing agents. Sulphui-etted hydrogen first 
produces a blue tint, and then precipitates a bro^vm sulphide. 
The precipitation as sulphide is only complete on prolonged 
treatment ; a green colour indicates tliat some molybdenum still 
remains in solution. The precipitated sulphide is soluble in 
ammonium sulphide. 

Detection. — iloIyVvlennm is detected by its behaviour with 
sulphuretted hydrogen. Molybdenite can only be mistaken for 
graphite, from which it is easily distinguished by yielding sulphur 
dioxide on roasting, and by giving, on charcoal, a yellowish 
white incrustation, which becomes blue on touching it for a 
moment with tho reducing Same. The borax-bead is colourless 
in the oxidising, and dark-brown in the reducing, fiame. 

QEAVIMETHIO DBTEEMINATION. 

The solution containing the molybdate is neutralised and treated 
with an exoees of mercurous nitrate. The precipitate is allowed 
to settle fw aome time, filtered, and washed with a dilute solution 
of m^imioua nitrate. Then it is dried, transferred to a weighed 
Berlin crucible containing ignited oxide of lead, mixed, ignited, 
and weighed* The increase in weight gives the amount of tri 
oxide, MoOg. This <M>n tains 66.7 per cent, of molybdenum. 
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URANIUM, 

UruAiam oocore diiefly m pitchblende, which is an impure 
oxide (U,0,). It is also found as sulphate in umnochre, jobm- 
nite, Ac, \ and as phosphate in the uranites, torbemite ^hydrated 
phosphate of uranium and copper), and autunite (hydrated 
phosphate of uranium and lime). It also occurs in some rarer 
minerals. 

The oxide is used for colouring glass; and the nitrate and 
acetate are used as reagents. “ Uranium yellow," u.ned for enamel 
painting, is sodium uranate. The uranat^, in which the oxide of 
uranium acts as an acid, are mostly insoluble and of secondary 
importance. 

Uranium forms two families of salts, uranous and uranic ; 
corresponding to the oxides UO, and UO, re.'^poctively. TJjo 
former are generallr green and the latter vellow. Uranous sr]u 
are converted into uranic by Iwiling witk nitric acid or other 
oxidudng agents. Uranic salts, on the other hand, are easily 
reduced by sulphuretted hydrogen, stannous chloride or zim-. 
This property is made use of in determining the quantity of 
uranium in pure solutions by titrating with permanganate of 
potassium solution as in the case with iron. 

Detection. — Tlje most characteristic reaction of the uranium 
compounds is their beliaviour in tlie presence of alkaline car - 
bonates in which they are freely soluble ; even ammonium sul- 
phide will not precipitate uranium from these solutions. On 
neutralising the carbonate with an odd a uranate of the alkali 
is precipitated. Ammonia or sodic hydrate (free from carbonatoH) 
give yrilow precipitates, which are insoluble in excess of tlio 
mgent, but are soluble in adds. Ferrocyanide of potassium 
gives a reddish-brown predpitate. Uranium colours the borax- 
bead yellowish-green in the oxidising, and green in the redudng, 
fiame. 

Solution and Separatiotu^The oompounds of uranium are 
soluble in adds. Powder the substance and evaporate with an 
excess of nitric add. Take up with hydrochloric add, dilute, 
pass toJphuretted hydre^en, and 6lter. Peroxidise the filtmte 
with a little nitric add, add an excess of amtnonic carbonate an<i 
some ammonium sulphide, and filter. Render the solution acid, 
boO ; and precipitate the uranium by means of ammonia. Filter 
off, and wash it with dilute ammonk ehkoide. and weigk 

as protoseequi -oxide. 
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aRA.VXK£TBlC DETEBHINATION. 

The solution containing the uranium free from other metals iSf 
if required, first peroxidi^ by boiling with nitric add. Ammonia 
in slight excess is added to the nearly-boiling solution. A yellow 
piedpitate is formed, which is filtered off hot and washed with 
a dilute solution of ammonium chloride. The precipitate is dried 
and ignited ; and weighed as which contains S4.8 per cent, 
of uranium. 


VOLITMETBIC METHOD. 

This is based on the precipitation of uranium as phosphate 
from acetic acid solutions and the recognition of complete preci- 
pitation by testing with potassic ferrocyanide ; it is the converse 
of*the process for the volumetric determination of phosphate. 

The tUvuianl $olution of phosphite is prepared by dissolving 
29.835 grains of hydric sodic phosphate (NajHP0^.i2H,0) in 
water and diluting to i litre, 100 c.c. will be equivalent to 
2 grams of uranium. 

Take i gram of the sample (or, if poor in uranium, 2 grams) 
and separate the uranium as described. Dissolve the precipitate 
in nitric acid and eva[)orate to a small bulk, add 2 grams of sodium 
acetate, dilute with water to 100 c.c., and Ixjil. Titrate the boil- 
ing solution with the sodium phosphate till it ceases to give a 
brown colouration with potassium faiTOcyanide. Calculate the 
peroentage in the usual way. 
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CHAPTER XIV. 

£ABTHS, AliEAIiIIffE EABTHB, ALKALIES* 

ALUMINA, 

ALmi^ji^ the oxide of ftlumiiiium (A1,0|), is found in nature 
fairly pure in tho mineral corundum ; trunsjmrent and colonreii 
varieties of which form the gems sapphire and nihy. A coarser 
compact \*ariety coniaminatctl with oxide of iron constitutes 
emery. Comp<nnided with silica, alumina forms tlio boae of 
clays and many rock -forming minemls, China clay {or kaolinjr is 
o>^ os a source of alumina. Bauxite, hydrated alumina, is also 
used for the same purpose — that is, for the prL'|ianition of sulplmto 
of alumina. The mineral cryolite h a duoridc of aluminium and 
•odium. 

Corundum is charaeteriHetl by a high specific gravity (4.0) and 
extreme hardneas. By these it is distinguished from felsjiar and 
Bimiiar minerals, which it somewhat tt^si^mblea in genera! ap- 
pearance. 

Aluminium U nml for a variety of small purp^iscs ; it is white, 
tight, and very tenacious ; but owing to tho difficulty of its reduo 
lion it is expensive. 

Aluminium forms one series of salts which closely resemble 
those c4 ferric iron. It fonns an interesting series of double 
sulphates, known ns the alums. Common potash alum is 
AMS0,VK|H0,,24H,0. 

Detection, — Alumina is not precipitated from its acid solution 
by sulpboretted hydrogen, but it is thrown down by ammoni.i 
(with the other e^hs) as a white hydrate, soluble in soda and 
insoluble in ammonic carbonate. otf and ignited, it 

aammee, after treaUnent with nitrate of coliolt before ibe 
blowpipe, a blue colour which is ehhracterisiic. With naturd 
eompounds containing metallic oxides this colour is masked. It is 
more satisfaciory to t^e a separation in the wet way and to test 
the ignited oxide. 

flepention and 6olittlott*^If the snbeUnoe is insotublo in 
hydfotdikric acid it is finely powdered and fused with “ fusion 
mixtitn^ irith the hdp, in the ease of corundum (which is vety 
lefradnry) of a Utile ca u ati o loda or potash. The method oi 



ALxmnsk. 


315 

worldng is the same u that described for opening up sUicates. 
See under Corundum cannot be powdered in Wedgwood, 

or even sgate, mortars ; since it lapidly wears these away and 
becomes oontaminated with their powder. It is best to use a 
hard steel mortar and to extract the metallic particles from the 
bruised sample with a magnet or dilute acid. 

WTien the substance has been completely attacked and dissolved, 
it is evaporated to dryness with an excess of hydrochloric acid 
on the water-bath to render any silica present insoluble. The 
residue is extrticted with hydrochloric acid and freed from, the 
second group of metaU by means of sulphuretted hydrogen. The 
filtrate from this (after removing the sulphuretted hydrogen by 
boiling) is nearly neutralised, and treated with 8 or 10 grams of 
hypOBulphite of soda* in solution. It is then boiled till the 
sulphurous oxide is driven off. The precipitate is filtered off, 
ignited, and weighed as alumina. 

It U sometimes more convenient to proceed as follows ; — After 
boiling off the sulphuretted hydrogen peroxjdi.se the iron with a 
little nitric acid, a^ld a solution of nmmonic chloride, and then 
ammonia in very slight excess; boil, filter, wash, ignite, and 
weigh the brides. These generally consist of ferric oxide and 
alumina. It is a common practice to determine the iron, calcu- 
late it to ferric oxide, and so to estimate the alumina indirectlv. 
This may be done either by igniting in a current of hydrogen and 
estimating the iron by the weight of tixygen lo.st ; or, by dissolv- 
ing with sulplniric and hydrochh)ric arids, and determining the 
iron volumetrically. It should l>e Iwrne in mind that these 
oxides will also contain any phosphoric oxide that happened to be 
in the mineral. 

In general analyses of samples containing alumina, it may be 
contained in b(^ the soluble and insoluble {portions. In these 
cases it is better to fuse the sample with “ fusion mixture ” before 
treatment with acids. The alumina in tiio fused mass will exist 
m a state soluble in adds. 

OBAVnCSTHIC DBTEBMINATION. 

Solntioiui containing alumina free from the other metals are 
diluted to a oonvenient bulk and heated nearly to bailing. Add 
chloride of anuDOnium, and then ammonia in slight excess ; boil, 
rilow to settle, filter, and wash with hot water. Dry the predpi- 
Iftte, and i^te in a platinum or porcelain crucible at the strong^ 
uCit Oooi| and weigh. The substance is alumina, Al^Oi, whkh 
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oontoins $ 3*94 aluminium. It U only in apedal 

c«se$, Buch aa the anolysiB of metals and alloys, tlmt it is reported 
as aluminium. The percentage of alumina is generally given. 

Ignited alumina is difficultly soluble in acids ; it is not reduced 
by hydre^n at a red beat. Ignited vrith ammonium chloride 
portions ai'e volatilised. 

Bireot Determination of Alumina in the Presence of 
Iron. — Tlie iron and alumina are pr(H'i|ntatcd os hydrates bv 
ammonm. The precipitate is dissolved in hydi-ochloric acid and 
the iron reduced to the ferrous state. It w then added to a hot 
solution of pota.sh or soda. The solution is boiled till the precipi- 
tate .settles i*eadily, filteml, and washed with hot wjiter, Tlie 
alumina is contained in the tlltrate, which is aciditied with hydro- 
chloric acid and the tUiimina precipitated therefrom as hydrate 
with ammonia, as jiLst described. 

Determination of Alumina in the Froaonco of Phos- 
phates and Iron,— For details, see a paper l>y R. T. Thonijum 
in the “ Jounial of the Stxiety of Chemu’al Inditstry," v. p. 152. 
The principles of the methotl are as follows:— If the sul^stince 
does not alnudy o^ntain sufficient pliosphoric o.\ido to satumte 
the alumina, some phosphate is added. The iron is reductnl to 
the ferrotis state and pliosphate of alumina precipitated in an 
acetic acid solution. It is purified by reprecipiUtion, igtxital, 
and weighed as phoephale (Al, 0 ,,P| 0 j), which conbuns 41.8 i)er 
cent of alumina, A 1 , 0 ,. 

EXAMUTATION OP CLAYS. 

Hoiature. — Take 5 grama of the ean^fidly -pro pared sample and 
dry in the water-oven till the weight is constant. 

Loss on Ignition.— Weigh up 2 grams of the sample used for 
the moisture determination, and ignite in a platinum-crucihio to 
redne*w, cool, and weigh. 

Silica and Insoluble Silicates.— Weigh up another a gr>m;t 
of the dried sample, and plm^ them in a platinum dish ; mol-u n 
with water, and cover with 20 c.c. of sulphuric ncid. Kvaponne 
and beat gently to drive off the greater portion of the free arid. 
Allow to cool ; and re{H)at the opomtion. Extract by boilin:^ 
with dilute hydrochloric acid, filter, waah, dry, ignite, and weiirh. 
The quantity of initoluble idltcaies is determine by dissolvinit 
out the separated silica with a strong boiling solution of sodium 
carbonate. The residue (washed, dined, ana ignited) is weighed, 
and reported as **sand.** 

Alumina and Perrons Oxide,~To the filtrate frmn 
yOios add ** soda ** lolation tiU nwriy neutral, and then sodivua 
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areUte. Boil and ^ter off the precipitate. Reserve the filtrate. 
Dissolve the precipitate in hydrochloric acid, and dilute to exactly 
200 C.C. Divide into two parts of 100 c.c* each. In one determine 
the iron by reduciog and titrating in the way described under 
volumetric iron. Calculate the percentage as ferrous oxide, unless 
there are reasons to the contrary, also calculate its weight as 
ferric oxide. To the other portion add ammonia in slight excess, 
and boil. Filter, wash with hot water, dry, ignite, and weigh as 
mixed alumina and ferric oxide. The weight of the ferric oxide 
has already been determined in the first portion : deduct it, and 
ilie difference is the weight of alumina. 

Lime. — To the reserved filtrate, concentrated by evaporation, 
add ammonium oxalate and ammonia; boil, filter, ignite strongly, 
and weigh a.s lime. 

Magnesia is separated from the filtrate by adding sodium 
phosphate. It is weighed as magne.sium pyrophosphate. 

Potash and Soda. — These are determined in a fresh portion 
of the sample by Lawrence Smith's method, as described on page 
333 - 


THORU. 

This U an oxide of thorium, ThO,. It is only found in a 
few rare minerals. It is a heavy oxide, having, when strongly 
ignited, a specific gravity of 9.2. In the oi^inary course of 
analysis it will bo separates! and weighed n.s alumina. It is 
separated from this and other earths by the following method. 
The solution in hydrochloric acid is nearly neutralised and then 
boiled with sodium hyposulphite. The thoria will be in the pre- 
cipitate. It is dissolv<^, and the solution heated with ammonium 
oxalate in excess. The precipitate is thorium oxalate, which is 
washed with hot water, dried, and ignited. It is then weighed 
ss thoria, ThO^ Thoria which has been ignited is not r^^y 
soluble in acids. 


ZIRGONIA. 

The oxide of siroomum, ZrO,. is found in the mineral xircon, a 
lilicate of drcoiua, ZrSiO,. When heated intensely it becomes 
very luminous, and is used on this account for incandescent 
lights, 

the ordinary course it is thrown down by ammonia with 
the other earths, from which it w thus «eparated : — The hydrate? 
precipitated in the cold, and washed with cold water, are di^ved 
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in hydrochlono ncid, nearly neutralised with soda, and precipitated 
by boding with hyposulphite of soda. Dissolve ; and from the 
hydrochloric acid solution precipitate the tboiia (if any) with 
ammonium oxalate. To the filtrate add carbonate of ammonia, 
which will precipitate any titanium jpresent ' The siroonia will be 
in solution, and is recovered by preapitating with potassium sul- 
phate, or by e>'a{)orating the solution and igniting. It is separated 
from alumina by taking advantage of its insolubility in potassic 
hydrate. 

It is estimated in zircons in the following way : — The powdereil 
substance is fiused with bisulphate of potash, and extracted with 
dilute sulphuric add. The residue is fused with caustic soda and 
extracted with water. The portion not di^lved, consisting of zir- 
conate of soda, is du^solved in hydrochloric add. The solution is 
diluted, filtered if necessary, and treatcnl with ammonia in excess. 
The predpitate is filtered otr, washeil witli hot water, dped, 
ignit^, and weighed as zircon ia, ZrO , Tliis is a white powder, 
which is insoluble in acids; even in hydroOuorio add it is only 
slightly attacked. 

CERim 

Cerium occurs as silicate (together with the oxidee of lantha- 
num, didymium, iron and calcium) in the mineral cerite, which is 
tU chief source. It atiui occurs as phosphate in monaxite, and as 
Buoride in fluoeerite. The oxalate is in me<licine. Cerium 

forms two cla-s,^ of salts wrrcsjKmding to the oxides, oerous 
oxide {Ce,0,) and eerie oxide (Cd),). Compoumis of cerium with 
vidatile adds yield dioxide on ignition ; and this, on solution in 
hydrochloric add, yields ccrous chloride and chlorine. 

In the ordinary course cerium is thrown down along with 
alumina and the other earths by ammonia. It is separated by 
disw>lving the hydrates in hydrochloric acid, and oxidising with 
chlorine water. On treating with oxalic add, cerium, lanibwum, 
and didymium are precipitated as oxalates, which on ignition are 
convert^ into oxides. These are soluble in adds. Their eolutioa 
in hydrochloric add is nearly neutralised ; acetate of soda is 
thw added, and an exe^ of sodium hypochlorite. On boiling, 
the oeriam is predpitated as dioxide, whitm is filtered off, ignited, 
and weighed. 

Ottitun is detected by giWng with borax a bead which is yellow 
in the oxidising, and colourleas in the redudng fiame. Traces of 
ce rium emnpoonds boiled wiUi dioride of lead and nitric add will 
give a yellow soluti^m. 
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LANTHANUM AND DIDYMIUM 

occur together with cerium in cerite, and are separated with that 
metal as oxalates, as described under Cerium, 

Didymium salts have a rose or violet colour, and impart (when 
iu sufficient quantity) the same colour to the borax b^. Solu- 
tions have a characteristic absorption' spectrum. 

The separation of Lanthanum and didymium in the solution 
from which the cerium has been precipitated is effected by pre- 
cipitating them together as oxalates, igniting, and dissolving in 
dilute nitric acid. This solution is then evaporated to dryness 
and ignitetl, for a few minutes, just below redness. A subnitrate 
of didymium is formed, and remains as an insoluble residue on 
extracting with hot water. The fteparate<l ssdts are treated with 
ammonia and ignited, and weighed as oxides (La,0, and Di|0^. 

YTTRIA. 

Yttria is found in gadolinite and some other rare minerals. It 
ia pre<‘ipitiitc<l along with the other earths by ammonia. It is 
distinguished by the insolubility of its hydrate in potash, by the 
insolubility of its oxalate in oxalic acid, and by not being preci- 
pitated bj^ hyposulphite of soda or potassium sulphate. Further, 
it is preapitated by fKdash in the presence of tartaric acid as an 
insoluble tartrate. This reaction distingui.<>!hes the members of 
the yttria group from most of the other earths. The other mem- 
bern of the group clondy ri'scmble it, and amongst them are 
erbia, terbia, ytterbia, standia, ic. 

BElft'LLIA. 

The oxide of beryllium, BeO (also known as glucina), oocors in 
nature mainly u fdlicate. Beiyd, the green transparent vanety 
of which is the emerald, Ls the best known of these. It is a sili- 
cate of alumina and beryllia.* Some other minerals in which it 
occurs are pbenakite, euclaae, and chrysoberyl. 

In the ordinary course of analysts, berjdlia will be preddtated 
with alumina, &c., by ammonic hydrate. It is distinguiimed by 
the solubility of its hydrate in ammonic carbonate, by not being 
precipitated ly boiling with sodium hyposulphite, and by not 
^ing precipitated by ammonic sulphide from an ammonic 
carbonate somtt<m. 

The aoalysia of silicates containing oeryliia is thus effected, 
t 3 Bc0,AI,0^6BXV 
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Tlie Bne!/ powd«red sabeUDce is fused with twice its weight of 
poUssium carbonate ; and the ** melt ” is extracted with water, and 
evi^fKmted with a dight excess of sulphuric acid to render the 
blica insolubla Treat with water, filter, and evaporate the fil- 
trate until a crust is formed. Pota^ alum crystallises out. The 
liquor is poured off into a warm strong solution of ammonium 
carbonate. Ferric hydrate and alumina will be precipitated. 
They are filtered off, re-dissolved, and again precipitate in ammo- 
nic carbonate solution ; the combined fittnitce are boiled for 
tome time, and acidihetl slightly with hydrochloric add. The 
carbon dioxide is lK)iU>d off, and the boryllia is then precipitated 
as hydrate with ammonia. The hydrate is washed with hot 
water, dried, ignitetl, and weighed as beryllia, BeO. 

Beryllia has a sfuvitic gravity of 3.0S. It is white, infusible, 
and insoluble in water. After ignition, it is insoluble in adds, 
except sulphuric, but is rendered soluble by fusion with alkalies. 

Beryllia, in a solution of carbonate of ammonia, is precipitated 
as carbimate on boiling in proportion as the carbonate of ammo- 
nia is volatilised. The hydrate Ls dissolved by a boiling solution 
of ammonie chloride, ammonia being evolved. 


THB ALSAIiIIfS EABTH8. 


LIME. 

Lime is an oxide of calcium, CaO. It occurs abundantly in 
nature, but only in a state of combi ^tion. The carbonate 
(CaOOj, found as limestone, chalk, and other rocks, and as the 
Bunerals caldte and arragonite, is the most commonly occurring 
eompound. The hydratc<l sulpliate, gypum (CaHO^.sH^Ob is 
omnmon, and is used in making ** plaster of Paris.'* Anhy&te 
(CaSOJ also occurs in rock maasce, and is often associated with 
rock salt Phosphate of lime, in the forms of apatite, phosphorite, 
ooprolite, is largely mined. Lime is a component of most 
natural i^icates. Cdcitim aUo occura, combined with dumioe, in 
the mineral fluor (CaF,). In mnt<t of these the add is the im- 
portant part of the mineral ; it is only the carbonate which if 
used as a source of lime. 

lima, in addition to its use in mortars and cements, is raloabU 
aa a flux in metaDurgiral operations, and as a base in cfaemiori 
work Oft a large scale. A mixture of lime t^d magnesia U used 
in the mantffacture of baric fire-bricks. 

Oubonate of lime on ignition, especudly when in eontact witli 
fudocmg fufastanoes, loses carbo^ acid, and becomsa Imtu This 



ts, known quicklime'*; on treatment with water it becomes 
hot, expands, and falls to a powder of slaked lime “ or calcium 
hydrate (OaH/)i). The hydrate is slightly soluble in water (o. 1 368 
gram in xoo c.c.), forming an alkaline solution known as lime- 
water. Calcium hydrate is more generally used suspended in 
water as milk of lime." 

As a flux it is used either as limestone or as quicklime. Silica 
forma with limo a compound, calcium silicate, which is not very 
fusible; but when alumina and other oxides are present, as in 
clays and in most rocky substancx^s, the addition of lime gives a 
very fusible slag. 

peteotion. — Calcium is detected by the reddish colour which 
its salts impart to the flame. It is bet^t to moisten with hydro- 
chloric acid (or, in the ca,so of some silicates, to treat with ammo- 
nium fluoride) l>efore bringing the substance into the flame. 
When seen througli a sj>cetr(tficope, it shows a large number of 
Uuw, of which a green and an orange aj c most intense and char- 
acteristic. Calcium is detcTtcMl in solution (after removal of the 
metals by treatment with sulpliu retted hydrogen and ammonium 
sulphide) by kdiing with ammonium oxalate and ammonia. The 
lime is completely throw'n down as a white preeijutate. Lime is 
(li.-tinguishfcd from the other alkaline earths by forming a sulphate 
in.colublo in dilute alcolad, but completely soluble in a boiling 
solution of ammonium sulphate. 

Lime comjvnuuls are for the most part soluble in water or in 
dilute hydrochloric acid. Calcium fluoridii must be first con- 
verted into sulphate by ev.i|>o!aiion in a platinum dish with 
sulphuric acid. Insoluble silic-atos are opencHl up by fusion with 
** fusion mixture,” as doM'rii>c«l un<lor Silica. 

Separation. — The sej'^amtion of lime is eflV*cte<l by evaporating 
with hydrochlorio acid, to sejvirate silica ; and by treating with 
sulphuroltod hydrogen, to remove the s<,Ht>nd group of me^ls. 
If the substance contains much iron, the w>lution is next oxiilised 
by boiling with a little nitric arid ; and tlie iron, alumina, Ac., 
are removed as liasic acetates. Tlie filtrate is treated with am- 
monia and sulphuretted hydrogen, and allowed to settle. The 
filtrate from this is heated to boiling, troatotl with a solution of 
ammonium oxalate in exets^s, boihHl for five or ten minutes 
allowe<i to settle for lialf an hour, and filtered. The precipitate 
contains all the lime as calcium oxalate. 

GRAVIMBTBXC DETEBMIRATIOIT, 

Tha predpitate of calcium oxalate is washed with hot water, 
dried, transfemxl to a w cighed platinum crucible, and ignited at 



322 


TIXT-BOOK or ASSiTmO. 


A tenporature not above incipient redness. This ignition oon- 
wts the oxalate into carbonate, with evolution of oarbonic oxide, 
which burns at the mouth of the crudble with a blue flame.* 
Generally a small quantity of the carbonate is at the same time 
converted into lime. To reconvert it into carbonate, moisten 
with a few drops of ammouic carbonate solution, and dry in a 
water-oven. Heat gently over a Bunsen burner, cool, and weigh. 
The substance is calcium carbonate (CaCO,), and contains 56 per 
cent, of lime (CaO). It is a white powtier, and should show no 
alkaline reaction with moistened litmus-jkajHjr, 

Where the pret'ipitato Is small, it is better to ignite strongly 
over the blowpij)e, and weigh directly as lime. With larger 
quantities, and when many determinations h.avo to be made, it is 
easier to nmke the determination volumetrically. 


VOLUHETEIC METHODS, 

These are can ied out oiiluT by dUsohing the oxalate at once in 
dilute sulphuric acid, and titrating with |)ermanganate of potas- 
sium soluti(>u ; or by calciniiig it to a mixture of lime and carbonate, 
and determining its ueutriin'ing (K>w'er with the standard solutions 
of acid and alkali. 

Titration with Permanganate of Potassium Solution.— • 
This solution i# iu:uie by dis*M>lvijig 5*^43 g^ranis of the salt in 
water, and bv diluting u> i litre : loo c.c. are e*|ui valent to 0,5 
gram of lime. The elution is biandardiMMl by titrating a quaio 
lily of oxalic acid aU»ut «p»ii‘alt*nt to the lime present in the 
a.'^^v ^ 0 5 gnim of lime ojuivalent to 1.125 gram of crj*stal- 
lised oxalic acid. The standai dL^ng may Ikj done with iron. The 
standard found iron tnulti{*ii*^l by 0.5 gives tliai for lime. 

The pnxv^H U as bdlows; - The cjilrium nxalato (liaving Wn 
precipitated and washi‘<l, as in the gmvitmtric prooww) U was-lml 
through the funn* 1 into a flask with hot dilute sulphuric wii, 
hoik'* I till dwMilvwl, di lut^-ii to jod r,c. with water, and heatc<l to 
about 80^ C. The standard wdutiuti of “ permanganate " is then 
run in (not to<> quickly, and with c^uistant shaking) until a per- 
manent pink linge is pnxiui ed. The c.c, used multiplied by the 
standard, and divirk^l by the weight of the substance taken, will 
give the percentage of Hme. 

Estimation of Lime by Alkalimotry.— Th# methods of 
drtttmiiiing the amount of an alkali or base by means of ^ 
standard add solution, or, conversely, of detennining an add b> 
niMBS of a standard idkatine solution, are so closely related ths^ 

* * CaCU, t GO. 
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ibey are beat considered under one head. The same standard 
solution is applicable for many purposes^ and, consa^uently, it 
is convenient to make it of such strength that one litre of it 
shall e(|ual an equivalent in grams of any of the substances to be 
determined. Such solutions are termed normal. For example, a 
solution of hydrochloric add (HCl = 36.5) containing 36.5 grams 
of real acid per litre, wouM be normal and of equivalent strength 
to a solution containing either 17 grams of ammonia (NH,= 17) 
or 40 grams of sodic hydrate (NaHO-40) per litre. It will 
be seen in these coses that the normal solution contains the 
molecular weight in grams per litre ; and, if solutions of these 
strengths be znade, it will be found that they possess equal neu- 
tralising value. 

If, now, a solution containing 98 grams of sulphuric acid 
(HjSOj-qS) |>er litre be made, it will be found to have twice 
the*8trength of the above solution, tiiat is, 100 c.c. of the soda 
would only require 50 c.c. of the acid to neutralise it. The 
reason for this will be Mjon on insjiecting the equations : — 

NaHO + HCUN!iCUH,0. 

sNallU + + 2ll,0. 

Acids like sulphuric add are tornuHl hjl^asic, and their equiva- 
lent is only lialf the molecular weight. Tims, a normal solution 
of sulphuric acid would contain 49 grams of real add per 
litre. Similarly, lime and most of tlie bas<‘s are bibasic, as may 
be seen from the following wpiatit>ns; hence their equivalent will 
be half the molecular weight. 

lH('U('.iO = ('aCI,+ ir,0. 

2llCl + Mg<t = .Mgt’l, + ]l, 0 . 

The t^wiard normoi txhUwn of ht/'lriM^ric acid is made by 
diluting too c.c. of the strong acid to tuio litre with water. TbU 
will be approximately normal. Jn onler to determine its exact 
strength, weigh up 3 grams of re«mtly ignited pure sodium 
carbonate or of tbe ignited bicarl>onate. Transfer to a dask and 
dissolve in aoo c.c. of wjiter ; when dissolved, cool, tint faintly 
yellow with a few drops of a solution of mctliyl orange, and run 
in the standard ** add ” from a burette till the yellow cliangea to 
a pink. Head off the mnnl^er of c.c. urhI, and calculate to how 
touch sodium atrbonate 100 c.c. of the ^’acid” are equivalent. 
If the •* add " ia strictly nomml, this will l>e 5.3 grams. It will 
probably be equivalent to more tlian this. Now calculate how 
uiiicli strictly norm.al “acid ** would l»e oquivdcnt to the standard^ 
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found, for examplo: suppose the standard found is 5.5 gram of 
•odium carboxmtO} then — 

5-3 : 5*5 - loo • * 

fwhew X is the quantity of normal **acid ” required). 

X « 103.S C.C. 

To get the “add” of nornud t4tn*ngtl», wo should then add 
3.8 c.c. of water to each 100 cx** of the sUmdanl solution remain- 
ing. Suppose there were left 930 c.c. of the approximate “ad<l,'* 
35*3 of water must be addt'vl and mix^l. It should then bo 
dieeked by another titration with pure siKlium carlK)rMile. 

The ft'imlitni Si 4 nlHm 0/ semi- avnmil Tim lx's! alkali 

for general pur|K)s<*s U amnumuv, but, sint'o it is volatile (ox(KH*mlly 
in strong solutions ^ it is to make it of half the usual strength, 
or s^mi fu^nwil. Une litre of this will contain 8.5 grams of 
ammonm (N H,), and too c.e. of it will just neutral is<> 50 c.c. of 
normal “arid.” Take loo t\c, of dilute ammonia and dilute with 
watiT to one hire. Ilun into a ihi.sk 50 c.c. of tlio slandanl 
“acid/’ lint with methyl ornnge, and run in from a burette the 
B* dot ion of aininotda till neuiralisiHl. Ix'ss than 100 c.c. will 
proUihly be ustsi. 8up|iO!s« 95 c.c., were nxpnrvtl, tbere sbutihi 
have lierm 100, heiu-e there is a deficiency of live. Then, for earh 
05 c.c. of stniuhirrl ‘‘ammonb” left, add 5 c.c. of water, and mix 
wtdi. 100 c.c. wiU now lx> ix^uivaicnt to 50 c.c. of the “acid.” 

As an ex:imple of the applicjition of this mrtloMl, wo may Uikt* 
the determination of lime in lim^*^.^onl■, inarhle, and lomiW suh- 
stanr-s. 

Deiormination of Limo In Limoatano.— Weigh up 1 gnm 
of th.c ilri'd -ainr le. uii'i iliwilve in j; i-,r. of imrmal ai'id, co<il, 
dilute to 100 c.r., .ns. I titiaU' witn ti- nornml s-dution d 

alkali fuiing met hyl-orangi* us an indirator). Divide tlie c.c, 
of alkali tiM'd liv 2, subtrac't frutu 25, and miiUipty by 0.02S to 
tmd the weight of liuo*. This metluxl ui not appUcsdde in 
pnesence of other carlMUiat^^ or oxidaa, unteiw tho weight of 
these luhetancee be afterwanU determined and due ooiTvcUoa be 

STTRONTIA, 

^rontia, the oxide of strontium (iSrO), ocniri ia nature as 
fttlphate, in the mineral tadeiAino (SrSO^), and an carbonate in 
Itrenliaiute (BrCO,). it is found in atnall quantitbse in UmeatoocSi 

Jb* 

SirotiUn ii need in sugar refining, and (or the {Mreparation of 
ftd i eBnn1 lights. 

ItSiSOtloii.— It it deeded the etimsem colour which M 
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oompooDds (when moistened with hydrochloric add) impart to 
the flame. The spectrum shows a large number of lines, of which 
a red, an orange, and a blue arc most characteristic. 

It resembles lime in many of its compounds, but is distinguished 
by the insolubility of its sulphate in a boiling solution of ammo- 
nium sulphate, and by the insolubility of its nitrate in alcohol. 
I’rom baryta, which it also resembles, it is distinguished by not 
yielding an insoluble chromate in an acetic acid solution, by tho 
solubility of its chloride in alcohol, and by the fact that its sul- 
phate is converted into carbonate on boiling with a solution 
formed of 3 parte of potassium carbonate and i of potassium 
sulphate. 

It is got into solution in the same manner as lime. The sul- 
phate should be fused with fusion mixture,” extracted with 
w-ater, and thoroughly washetl. The residue will contain the 
staontia as carlK>nate, which is readily soluble in dilute hydro- 
chloric or nitric acid. 

Separation. — It is seiianite^i (after removal of the silica and 
metjils, as described under /.jW) by adding ammonui and am- 
monic carbonate, and allowing to stand for some hours in a warm 
place. In the al>sence of baiyta or lime it is filtereti off, and 
weighed as strontium oarlHinate, which contains 70.17 per cent, 
of strontia. It is He[3tarate<i from Ixiryta by dissolving in a little 
hydrochloric acid, atlding ammonia in excess, and then acidifying 
with acetic acid, and preeijatating the baryta writli potassium bi- 
chromate, as dcscril>e<l under Hart/i/i. The strontia is precipi- 
tated from the filtrate by Ixiiling for some time with a strong 
solution of ammonic sulphate and a little ammonia. Fifty parts 
of ammonic sulphate are rtvpurwl for each part of strontia or 
bme pitsient. ^e precipitate is iiltere<l off, and washed first with 
a solution of ammonic sulphate, and then with alcohol It is 
dried, ignited and weighed as strontium sulphate. 

OEAVIMETEIC DETERMINATION. 

The determination of strontia in pure solutions is best made by 
adding sulphuric add in excess and alcohol in volume equal to 
that m the solution. Allow to stand overnight, filter, wash with 
dilute aloobol, dry, ignite at a red heat, and weigh as sulphate 
(SrSOj). This contains 56.4 per cent, of strontia (SrO); or 
47-7 percent id strontium. 
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BARYTA, 

BftiTta, OTido of barium (BiiO), commonly occurs in combina- 
tion with sulphuric oxide in tJm mineral barytes or heavy spar 
(BaSOJ, and in combination with carbon dioxide in witherite 
(BaCO,). These minerals are not unfrcquently found in large 
quantity (associated with galena and other metallic sulphides) in 
lodes. Small isolated crystals of these are frequently found in 
mining districts. Barium is a constituent of certain mineral 
waters. The minerals are recognised by their high specific 
gravity and their crystalline form. 

Com|)ounds of kirium are often used by the assayer, more 
especially the chloride and liydrate. The «Uts are, with the ex- 
ception of the 8ul|i!mte, generally soluble in water or hydrochloric 
acid. In such solutions sulphuric acid prrxluces a white precipitate 
of Ixiric sulphate, wliich is practically insoluble in all acids. 

The dioxide { lUU),) is us^ for the prejiomtion of oxj'gen. On 
strong ignition it gives up oxygt*n, ai)d is converted into baiTta 
(BaU), whifh, at a lower tcmjM*niture, taki-s up oxygen from the 
air, rt'-fonning the dioxide. 

Detection. — Ikmum h detected by the green colour its salts, 
especiiilly tlje chloride, give to the finme. This, viewed thiv^ugh 
the s])«ctroscope, shows iit'omplieattHi s|Hvtniin, of which two llm-s 
in the gn^n are nux^t m.'ily n-cugniMHi and chartutcristic. The 
salts of barium give no precipitate with sulphurcttid hydrogen in 
either acid or alkaline solution, but with sulphuric acid they at 
ono> give a pr^x-ipitate, w hich Is insoliil le in acetate of soda. In 
solutions rendend ffuntly acid with acetic acid, tliey give a yellow 
preidpitate with bichromate of jxjta-ih. These rmetions are 
charoi tcristic of Imriurn. 

Baryta is got inU» solution in the manner descrilied under 
Lime ; but in the case of the sulphate the stjltetance is fused wiih 
three or four times its weight of “ fusion mixture." ’flio “ melt” 
is extracted with water, washed, and the residue dissolved in 
dilute hydrochloric arid. 

Sepu^tion,'~T)se N>))araiion is thus efTecled :~Tbe solution 
in hydrochloric arid is evaporaUsl to drj’ness, re^issolvcd in hot 
dilute hydrochloric arid, and stilphiiric acid is added to the solii' 
tkm UU no further precipitate is formed. The precipitate U 
filtered ofi*, and digester! with a solution of ammonium acetate or 
of sodium hypomitphite at 50* or 60* C. to dissolve out any lend 
sulphate, llie residue is fiUertxl off, washed, dried, and ignited. 
The ignited sobetanoe is tnixod with four or five times its weight 
el ** fusion mixturei" and fomd in a plaUnum'dindi over the Uov* 
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pipe for ft few minutee. When cold, it w extracted with cold 
water, filtered, and washed. The residue ig dissolved in dilute 
hydrochloric acid, and (if necessary) filtered. The solution con- 
tains the barium as baric chloride mixed, perhaps, with salts of 
Btrontium or Umo. To separate these, ammonia is added till the 
solution is alkaline, and then acetic acid in slight excess. Chro- 
mate of baryta is then thrown dowm, by the a<ldition of bichromate 
of potash, as a yellow precipitate. It is allowed to settle, filtered 
and w’asljed with a solution of acetate or of nitrate of ammonia. 
It is dried, ignited gently, and weighed. It is BaCrO^ and con- 
tains 60.47 per cent, of borjia. 

GRAVIMETRIC DETERMINATION. 

The gravimetric determination of baryta, when lime and strontia 
arj absent, is os follows : — The solution, if it contains much free 
and, is nearly neutralist with ammonia, and then diluted to 
100 or 200 c.c. It is heatt to boiling, and dilute sulphuric acid 
is added till no further pm‘ipitation takes place. The precipitate 
is allowetl to si-ttle for a few minutes, decanted through a filter, 
and washed with hot water; and, aftorw.irds, dried, transferred 
to a porcelain crucible, and strongly ignited in the muffle or over 
the blowpipe for a few minutes. It is then cooled, and weighed 
as sulphate of baryta (BaSU^). It contains 65,67 per cent, of 
bar} ta (BaO). 

In determining the Isiryta in minerals which are soluble in 
acid, it is precipitated direct from the hydrochloric acid solution 

K ueutmlistnl with aramonm) hy means of sulphuric acid. 

'ecipiUted baric sulphate is digeste<l with a solution of 
ammonic acetate; and filtered, washcil, ignited, and weighed. 

VOLUMETRIC DETERMINATION. 

The principle and mode of working of this is the same as that 
given under the Stilphur As&ay; but using a standard solu- 
tion of sulphuric add instead of one of barium chloride. The 
standard solution of suljjhuric acid is made to contain 32.02 
gnuns of sulphuric add (H,SOJ, or an equivalent of a soluble 
alkaline sulp^tc, per litre. 100 c.c, will be equal to 5 grams of 
baryta^ 

Kve grams of the substance are taken, and the baryta they 
^tftin converted into carbonate (if necessary). The carboiute 
is disnlved in dilute hydrochloric add. Ten grams of sodium 
* 06 tate m added, and the solution, diluted to 500 c.c., is boiled, 
^d titrated in the manner describe 
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Lead salta must be 9\mnt in the titration, and to mutt ttroniia 
and lime. FeiToua atUts aliould be peroxidiseii by means of jier- 
mnnganate or chlorate of potash. Other salU do not interfere. 

MAGNESIA. 

Ma^esia, the oxide of ina^ncsium (MstO) occura in nature in 
the nwre minei-al jH’ridnse (MgO); and hydiuted, tm briKite 
As carU)nate it occurs in large (jimntity as mapiesite 
(MgOO,)> which is the chief source of magnesia. Mixe^d with 
carKiiiate of lime, it forms magnesian limestone and dolomite. It 
is pn^sent in larger or smaller quantity in most silicates ; and the 
minemls, serjientiiio, talc, steatite and meerschaum are cssentialiv 
hydrated silit'ates of magnesia. Soluhlo magnesian salts occur 
in many natural waters; more es|)e<M!iUy the sulphate and tho 
cldoride. Kteserite (MgSO^.HjO) occurs in quantity at Stassfurt, 
and w ustnl in the manufacture of Kpsimi salu. * 

Detection.— Mag ne>ia is detix'ie^l in the wet way. Its 

comj>ounds give no odour tn the fljimc, ami the only characteristic 
dry reaction is its yielding a pink mass when ignitoi licfore tho 
blowpi|ie (after irv^atment with a solution of colkdt nitmte). In 
aolution, it U r\‘o^gnis<tl hy giving no prtH'ipitate with ammonia 
or ammonic carlwiuite in the p^^‘nce of ammonic chloride, and 
by giving a wliito t n dalline prts ipitate on ambling Kodium phos- 
phate or ars*‘n:ite to the ammntdaral s^jlution. 

Magnesia ditfers fiami the other alkaline earths by theaoUihility 
of its sulphate in water. 

Magnesia is dissi>lv«l by (»oiting with moderately strrmg nrids ; 
the insoluble com|xnin«Is art' with ** fuamn mixture/* and 
treated as detenu'll under 

Soparation.— It is sojianiteil by evaporating the add solution 
to dn ness to render sdim ifwduble, and by taking up with dilute 
Lydrot'hloric arid. The si>lution is fr«n! frem the set'ond group 
of metals by means of sulidmrettesi hydrt^gen, ami tho iron, 
alumina, Ac., are removc^I w ith ammonic chi»>riile, ammonia, and 
ammonic milphide. Tlie somewhat diluted liltrato is treated, 
first, with ammonia, and then with carbonate of ammonia Id 
alight exooMi. It is allow e<l to stand for an hour in a warm place, 
and then filtered. The magnesia U pridplUted from tho filtrwte 
by the addition of an exix-sa of (KHlium piiosphato and ammonia, 
ll k allowed to stand overnight, filtere«b and washed wiUi dilute 
ammemk. The precipitate oontaina the magneala ai ammonic* 
tnagnenc pboHphate. 

In caaea where it » not deidnible to iniroditee iodittm salta or 
plboapboric aod kto ^ aaaay aolulkm^ tbe following mHbrsl ii 
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adopted. The solution (freed from the other alkaline earths by 
ammomuzn carbonate) is evaporated in a small porcelain dish with 
nitric acid. Tlie residue (after removing the ammonic salts by 
ignition) is taken up with a little water and a few crystals of 
oxalic acid, transferred to a platinum dish, evaporated to dryness, 
and ignitetl. The residue is extmted with small quantities of 
boiling water and hlU*red ofT ; while the insoluble magnesia is 
washed. The filtrate contains the alkalies. The r^idue is 
ignited, and weighed oa magnesia. It is MgO. 

aHAVIMETEIO DETEBMINATION. 

The eolation containing the magnesia U miie^l with chloride of 
ammonium and ammoiiia in excess. If a precipitate should form, 
morti ammonic chloride is rtsjuired. Add s^Kiium phosphate 
solution in excess, stir and allow to stand overnight. Filter and 
wash the precipitate with dilute ammonia. Dry, tran.sfer to a 
platinum or porcelain crucible, and ignite (finally at intense red- 
ness) j cool, and weigh. The suVistanco is magnetic pyrophos- 
phate (Mg,P,0,), and contains 36.04 j>er cent, of magnesia. 

VOLTTMBTRIC METHOD. 

The magnesia baring been precifdtated as ammonie-magnesic 
phosphate, which U the usual sc^psiration, its weight can be 
determined volumetrically by the method of titration described 
under Pho$p}uiUM, 

The same standard solution of uranium acetate is used. Ite 
standartl for magnesia is got by multiplying the standard for 
jhosphonc oxide by 0.5493. For example, if one hundred c.c. 
are equivalent to 0.5 gram of phosphoric oxide, they will be 
equivalent to (o.S*-S493) 0.2746 gram of magnesia. The 
method of working and the conditions of the titration are the 
same as for the phosphate titration. The quantity of substance 
taken for asaay must not contain mom than o. t or 0.2 gram of 
magnesia. After preci[>iuUng as ammonic-magnesic phosphate 
with sodium phosjdmte, and well tvashing with ammonia, it is 
dissolved in dilulo hydrochloric acid, neutralised with ammonia, 
and sodic acetate and acetic acid are added in the usual quantity 
The BcduUon U boiled and titrated. 

XXAKIHATIOH OF A LIMESTONE. 

SUloa and Inaoluble SilioatM.— Take one gram of the 
dried sample and diseolve it in 10 c.c. of dilute bydro^oric acid ; 
filtw ; waoh, diy, and ignite the residua. 
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Orgvnio ICattor.— If the rosidae insoluble in hTdrochlorio 
«dd shows the presence of organic nukttery it roust be ooUected on 
a weighed filter and dried at loo*. On weighing, it gives the 
combmed weights of organic and insoluble matter. Tho latter ii 
determined by igniting and weighing again. The organic matter 
is calculated by diSerence. 

Idme. — Where but little magncstia is present, this is dete^ 
mined by titnUion with ftiiudard acid. Take one gram, end dissolve 
it in 25 c.c. of normal hydrot hloric arid. Tint with methyl*omugo 
and titrate with semi-normal ammonia. Divide the quantity of 
ammonia used by a, deiluct this from 25, and multiply tho re- 
mainder by 2.8. This gives the percentage of lime. Where mag- 
nesia is present, the same meth(^ is adopted, and tlie magnesia 
(which is separately determined) w afterwards deduetetl. Tho 
percentage of magnt'sia found is multiplied by 1.4, and the result 
is deducted from the ap|>!in'nt perx*cntagp of lime got by titrating. 

Magnesia.— Diss«>lve 2 grams of tbe limestone in hydrochloric 
add. and separate the lime with ammonia and ammonium oxalate. 
The filtrate is treatcnl witl» sodium pheeiphate, and the magne.>ia 
is weighed as p\Tophf>sphate, or titmto*! with uranium acetate. 

Iron. — Dissolve a grams in hydnichlorir arid, reduce, and 
titrate with standard permanganate of potassium solution. This 
gives the total iron. T^e ferrous iron is determined by dissolv- 
ing another 2 grams in livflrochloric arid and at once titrating 
with the permanganate of potossitim solution. 

MangAnrae. — Dissolve 20 grams in hvilrrx'hloric arid, nearly 
neutralise with soda, add sislium acetate, and filter. To tho 
filtrate add bromine; bi>i1, and determine tho manganese in tlie 
predpitate. page 

Phoaphoric Oxide. — Tills Is determine*! by dissolving the 
ferric acetate precipitate from the manganese separation in 
hydrochloric add, adding ammonia in exnrss, and pOM^ing sul- 
phuretted hydrogen. Filter and add to the filtrate ** nwigneda 
mixture. " The predpitate Is oollerted, woahed with ammonia, 
ignited, and weighed as pyrophosphate. 

THE ALKALIES. 

Tbe Gxidee of sodium, pntiutriuro, lithium, oraitim, and ni> 
bidiain and ammonia ore grouped under thU head. Of these 
cw f j a and rubidia ore rare, ana lithia comparativ*ely ao. Tli^y 
ore mdij dutingui^ied by their irpectra. Tney are cbararteri-<<l 
by the eotufailitj of almoit all their mlu in water, »id, conse^ 
quentlj, aie foimd in the eolutiona from which the eartha and 
oxidea ol the metoia have been a^ianited by the uaual gnsip 
re%r< wt> 
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The iolution from which the other nibstances have been 
separated u evaporated to dryneee, and the product ignited to 
remove the ammonic ealte added for the purpose of separation. 
The reeidue contains the alkali metals generally, as chlorides or 
sulphates. Before determining the quantities of the particular 
alkali metals present, it is best to convert them altogether, either 
into chloride or sulphate, and to take the weight of the mixed 
salts. It is generally more convenfent to weigh them as chlorides. 
They are converted into this form, if none of the stronger acids 
are present, by simply evaporsiting with an excess of hydrochloric 
acid. Nitrates are converted into chlorides by this treatment. 
When sulphates or phospliates are prenent, the substance is dis- 
solved in a little w^ter, and the sulphuric or phosphoric acid 
precipitated with a slight excess of acetate of lead in the presence 
of nlctdioL The solution Is filtered, and the excci^ of lead pre- 
cipitated with sulphuretted hydrogen. The filtrate from this is 
evaporated to dryness with an excess of hydrochloric acid, and 
the residue, con>isting of the mixtd chlorides, is gently ignited 
and weighed. In many cases (such as the analysis of slags and 
of some natural silicaites where the percentage of alkalies is 
smalU the percentage of soda and potash (which most commonly 
occur) need not 1)6 stqiarately determined. It is sufficient to report 
the proportion of mixed alkalies; which is thus ascertained: — 
Dissolve the ignited and weighed chlorides in 100 c.c, of distilled 
water, and titrate with the standard solution of silver nitrate 
(using potassic chromate as indicator) in the manner described 
under Chlorine, The c.c. of silver nitrate used gives the weight 
in milligrams of the chlorine pre.<e[it. Multiply this by 0.775, 
and de^luct the product from tlie weight of the mixed chlorides. 
This will give the comhiroMl weight of t he alkalies (Na ,0 and KjO) 
present. For example, o.oj66 gram of mixed chlorides required 
on titrating 14.3 c.c. of silver nitrate, which is equivalent to 
0.0 1 42 gram of chlorine. This multiplied by 0,775 0,01x0 

to bo deducted from the weight of the mixed chlorides. 

Mixed chloride® .... 0.0266 gram 

Deduction o.oiio ^ 


Mixed alkalies . . « . 0.0156 „ 

Assuming this to have been got from 1 gram of a rock, it would 
amount to 1.56 per cent, of ** potash and soda,” 

The rslativs proportions of the potash and soda can^ bs 
aeoertsinsd from aame determination. Sodium and potassium 
chlorides have the following composition 
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Sodium^ . 39.38 Potassium , 59.46 

Chlorine , 60.62 Chlorine , 47 54 


100.00 100.00 

The percental of clilorino in the inii(>d chlorides is calculated. 
It nectwsi\rily falls souiewhoro botwe«*n 47.5 and 60.6 jicr Cf'nt., 
and approaelu’« the one or the other of these numla'rs as the 
proportion of the .<0^.1 ium or |x)tasrium prt'ponderutes. Each 
cent, of cldorine in excess of 47.5 represents 7.63 per cent, 
of sodium chloride in the mixtHi chlorides. Tlje percenta;?© of 
jK>tash and soda in the sul5stanci> can \hs calciilitod in the usual 
way. Sodium chloride muUtplim! by 0.53C2 pves its etpiivalent 
of soda (Na,0)^ and |KitasNium chloride multiplied by 0.6317 gives 
its CH]uivalent of p<ink.<h (K, 0 ). 

Tlie weight of so^liuin cl deride in the mixetl chlorides Is a(j«o 
cnlculate<l thus: — Tfike the Fsuno example for illustration. 
Multiply the chlorine found by 2.103. gives—. 

{0.0142 n 2.103) O.OJ9S7. 

From the product deduct the weight of the mixed chlorides 
found — 

Protiuct 0.029S7 

Mixioi chloridofl . « . 0,02660 


IhtTcrence . . , 0.00327 

The diflferenre mtikiplied by 3.62J^S gives the weight of sodium 
cblonde in the mixture. In thi.s (tihci it K|imlH 0.0 uS gram. The 
pota.s;^iMm chloride is iiidir:U«Hl by I ho ditli*n'nce this and 

the weight of the mixed chlorides. It t^pials 0.0 1 48 gnun. 

We have now g< 4 — 

Sotlium chloride , , 0,01 iS gram 

Pota.«.^ium chloride . . 0,0148 „ 

from I gram of the rock taken. 3 !ultiidying these by their fiuv 
ton we have (Swlaao.oiiS s 0.5302 ; Putasb 0.0148 x 0.6317)— 

Soda . . . . « 0.625 per cent 

Potash . . . « 0.935 M 

Concentration of tbe Alkaliee. With the exception of 
magnesia, all the other hoses are sepnrated from the alkalies in 
the ordinary oonne of work without the addition of any re<agcnt 
which cannot be remoi>‘ed by simple evaporation ami ignition. 
Consequently, with snbsUnrrw soluble in acids, sueeeastre tmai* 
ment el aolotioo with sulphuretted hydrogen, ammonu, 
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^mmonic sulphidOf and ammonic carbonate, filtering, where necea- 
gary, will yield a filtrate containing the whole of alkalies with 
ammonio and, perhaps, magnesia. 

The filtrate is evaporated in a small porcelain dbh, with the 
addition of nitric acid towards the finish. It is carried to dryness 
and ignited. The residue is taken up with a little water, treated 
with a few crystals of oxalic acid, and again evaporated and 
ignitetl. The alkiiline salts are extracted with water, and filtered 
from the magnesia into a weighed platinum dish. The solution 
is then evn|H)mted with an excess of hydrochloric acid, ignited at 
a low red heat, and weighed. The residue consists of the mixed 
alkaline chlorides. 

For substances (such as most silicates and similar bodies) not 
completely decomposcil by acids, Lawrence Smith’s method is 
gonenilly used. This Is as follows : — Take from 0.5 to i gram of 
the finely powdered mineral, and mix, by rubbing in the mortar, 
with an e(jual weight of ammonium chloride. Then mix ivith eight 
times as much pure calcium carlKiiiato, using a part of it to rinse 
out the mortar. Transfer to a crucible, and heat gently 

over a Bunsen burner until the ammonic chloride is decomposed 
(tivo or ten minutes), lhase the h«it to red nos.®:, and continue at 
this temperature for about tlat'C (jtuu-ters of an hour. The crucible 
must be Kept covere<L CVd, and turn out the mass into a 4-inch 
e\'itfK>rating dish ; wash the cnicible and cover with distilled 
water, and add the washings to the dish ; dilute to 60 or 80 c.c., 
and heat to Ixiiling. Filter and wash. Add to the filtrate about 
1,5 gmm of ammoimim c:irl>onate; evaporate to about 40 c.c., and 
add a little more ammonic c:irlx)nate and some ammonia. Filter 
into a weighed platinum dLli, and e\-aporate to di^ess. Heat 
gently, to drive nlf the ammonic chloride, and ignite to a little 
below redness. CVjoI and weigh. The ivsitlue consists of the 
mixed alkaline chlnrides. 

Separation of tho Alkali-MetaU from each other.— 
S(Klium and lithium ore separated frt>m the other alkali-metab by 
taking advantage of tho solubility of their chlorides in the pro- 
senoe of pUtinic chloride ; and from one another by the formation 
of an abnost insoluble lit hie phosphate on boiling with a solution 
of sodium phosplmto in a slightly alkaline solution. Oesa^i 
rubidium, and potassium yield precipitates with platmic chloride, 
which are somewhat soluble, and must be prempitated from oon- 
oentrated solutions. Cassium and rubidium are separated from 
potassioin by fractional precipitation with platinum chloride, 
^ehr platiDO*€hlorideSy being less soluble than that of potassium, 
we predpitated first. On© hundred parts of boiling water dis- 
solve 5I18 of the poUtMtum pktino chloride^ a634 of the nci* 
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dinm salt, and 0.377 of eorresponding o»dtiin compound. 
The separatioD of lithium, cresium, and rubidium is seldom called 
for, owing to their raritj. The details of the separation of potas- 
Siam from sodium are described under PoUxmvm, Ammonia 
compounds are sharply marked off from the rest by their vola* 
tility, and it is always assumed that they have been removed by 
ignition ; if left in the solution, they would count as potasBiom 
compounds. They will be considered under Ammonia, 

SODIU 3 L 

Sodium is the commonesit of the lUkali metals. It is found in 
nature chiefly combined with chlorine as ** common salt " (NaCl). 
This mineral is the source from which the various comiwunds of 
sodium in use are pn^^mred. Sodium occurs abumlnnily as 
nitrate (XaXO,) in Chili salt[)etre, and as silicate in various 
minerals, such as alhite (or s«xla h'ls(iar). 

It occurs as fluoride in cn'olite (NujAlF^), and as carbonate in 
natron, Ac. Sulphates are also fotmd. Sotiium is very widely 
diffused, few sulK»tances Uung free from it. 

The detection of sodium is easy and certain, owin#» to I lie 
strong yelluw colour iU salts imjart to (ho flame ; this, when 
viewed by the spoctrt>scope, shows a moglo vidlow line.* llio 
extreme dcliairy of this te#it limits its value, [xvause of the wide 
didosioo of itodium salts. It U more satisfactory to separate ths 
chloride, which may be ret>>j'uisod by its taste, flame coloration, 
fusibility, and negative action with mgeiits. The chloride dis* 
solved in a few drops of waU^r givtfei with fxitassium metantirao* 
niate, a white precipitate of the corrcsijonding so^lium salt- 

Hodium salts are dh«solved out from most com {Mounds on treat- 
ment with water or dilute acids. Insoluble silicsitca are decora, 
posed and the alkali rendererl soluble by Isiwrence Smith* 
method, which has just been clr’iscribe<L Tlie separation of the 
sodittm from the mixed chloriiles is efTcett'd in the following 
way ; — The chlorides are dia^dved in a little wrater and the potas* 
stam separated as platino-chloridc. The snluhlo sodium platino* 
chloride, with the excess of platinum, is boilc<J, mixed with sul- 
pboric acid, evaporated to drynee*, and ignited. On extracting 
with water, fiitenng, evaporaUng, and igniting, sodtum sulphaU) 
is left, and is weighed as such. 

It is more osuat, and quite as satisfactory, to calculate the 
weight of the sodiom cbicride hj difference from tliat of the 
mixed chlorides, hf sabtracting imit of the poiasiium cbloridei 
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which ia separately determined. For example, i gram of a rocK 
gave— Mix^ chlorides, 0,0266 gram, and 0.04S6 gram of potasac 
pUtino-chloride. This last is equivalent to 0.0149 gram of potas- 
sium chloride. 

Mixed chlorides found . , 0,0266 

Deduct potassium chloride , 0.0149 

Leaves sodium chloride . , 0.0117 

The weight of sodium chloride found, multiplied by 0.5302, 
givee the weight of the soda (Na,0). 

GRAVIMETBIC DETERMINATION. 

The solution, which must contain no other metal than sodium, 
is evaporated in a weighed platinum crucible or dish. Towards 
t}fe finish an not too gmit, of sulpluiric acid is added, and 

the o\’nponition is continuwi under a l<x>sely fitting cover. The 
residue Ls ignitwl over the blowpi[»e, a fragment of ammonic car- 
bo tuite being ndile<i towariis the end, when fumes of sulphuric 
acid ceose to l>e evolvt^h Tliis oa'^ures the removal of the excess 
of acid. The crucible is cwlwl in the desiccator, and weighed. 
Ihe Hubstiinco is sulphate of sod.! (Na,SO,), and contains 43.66 
per cent, of soda (NajO), or 32.38 per cent, of sodium (Na). 

VOLUMETRIC METHODS. 

There are various methotLs \jmx 1 for the different compounds of 
Fo^iium. Thi^re is no one nu tlnHl of ;?*neml application. Thus 
with “ common salt the chlorine is determined volumetricallv; 
and the wKlium, after deduct ing for the other impurities, is 
esti mated by different. 

With soilic Ciirhonate .and camitic soda, a given weight of the 
sample is titraUoi with stamkr^i acid, and the equivalent of soda 
astimate<l frt^m the alkalinity of the wilution, 

W ith sodium sulpliate, a mrKlifinilinn of the i%me method is 
usod. To a srdution of 3.55 of the salt cemtained in a half- 
litre fljisk, 250 C.C. of a sohitij'U of Uiryta water is added. The 
volume U made up to 500 r.r. with water. The solution is mixed 
and filtered. HjiJf of the fiUmte is measured off, treated with a 
^rrent of carbonic acid, and then lx>il«l. It is tromsfeired to a 
^f-litre flaak, diluted to the mark, shaken up, and filtered. 
350 c.e, o| the filtrate, n^pnwenUng a quarter of fbe sample taken, 
is th^ y^rated with standard arid. The standard add is made 
diluting S50 o,a of the normal acid to 1 litre. The c.c. of 
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add used moltipHed bj a gives the pei^ta^. A oorreotios 
must be made to counteract the eHect of impunties in the barytii 
as well £Li errors inherent in the process. This is small, and its 
amount U determined by on experiment with 3.55 grams of pure 
sodium sulphate. 

EXAmifATlON OF COMMON SALT, 

Moisture. '-Powder and wei^^h up 10 grams of the sample into 
a platinum dLslt. Dry in a water oven for an hour, and after' 
wards tieat Iwre rLHlui-ws over a Bunsen burner. Cool, and 
a'oigh. The the water. 

Ohlorino.— Weigh up two seisinUo lots of i gram each ; dw- 
solve in 100 c.c. of n-ater, ami determine tlie chlorine by titrating 
with the standard >ilver nitrate solution, using chromate of 
|>otash as indiaitor. 

Insolublo Matter. —DUsolvo ro grims of the salt in wat<tr 
with the help of a little hydrochloric Jicid. Filter oiT the sctli- 
rnent. wash, iguit*\ and wt igh. This rodilue Ls chiefly Kind. 
Dilute the fUtmte to 500 c.c. 

Lime. — T.ike 250 cc, of the filtrate, render aramoniaeal and 
add ammonium ojcilato; wa^ih, dry, and ignite the prvcipiUile, 
Weigh as lime (CaO). 

MAgnesia.— To the filtrate from the time add phosphate of 
•oda. Allow to st.and oveniigiit, wa.di w'ith dilute ammo* 
nia, dr)*, ignite, and weigh as pyropho-iphate. 

Sulphuric Oxido.— To the rein doing 250 c.c, of the filtrate 
from the ** ins. 4 ubie,'' 1 an uf lurium chlorido. Collect, 
wash, dry, igiiiu?, and weigh bmum Milphato. 

Sodium.— It is estimated by dilfenuiri*. 

The following may lie Uiken as an example 


Moisture . 

. . . 035 

IriMilublo matter 

. . . a^o 

Lime . 

. « . 040 

lla^esia . 

. . . 0.05 

Sulphuric oxide 

0.60 

Chlorine , 

... fio 

bocUmn . 

. . , 5K60 


toaco 


POTASSroM, 

PoUuidiiin oocQin In nature an chicnnde, in the infbnRe 

(KOI), Mid more abtindafitty combined with magnMum chJoride, 
itt mrMiSio (KCLMgC\6H,U). it oocuni an oiuwte in uitm 
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(KNOJ, and aa oHcate in manj minemls^ such m orthocte 
potaab'febpar) and musoovito (or potasb'QUGa). 

Fotaasium oompounda are detected by the characteristic violet 
colour they impart to the flame. The preseuce of sodium salts 
masks this tint, hut the interference can be neutralised by view< 
jog the flame through a piece of blue glass. Viewed through the 
spectroscope, it shows a characteristic line in the red and another 
in the violet. These, however, are not so easy to recognise or 
obtain as the sodium one. Concentrated solutions of potassium 
salts give a yellow ciystalUne precipitate with platinum chloride, 
and a white crystalline one with the acid tartrate of soda. For 
these testa th<» solution is beet neutral. These testa are only 
applicable in the absence of compounds other than thc^ of potas> 
gium and sodium. 

OBAVlltSTElC DETERMINATION. 

Til is process serves for iU separation from sodium. Tsdee 
1 gram of the sample and dissolve it in so evaporatmg dish with 
50 c.c. of water. Acidify aith hydrochloric acid in quantity 
suillcient (if the metals arc pre^^nt as chlorides) to make it add. 
or, if other adds ore prt^sent, in at least such quantity a* will 
provide the equivalent of chlorine. Add 3 grams of platinum, 
in soliiiion as platinum chloride, and evaporate on a water-bath 
to a stilf but not to drj^ne^a. Moisten with a few drope of 
platinic chloride solution without brcfiking up the paste by 
stirring. Cover with 20 c.c. of strong alcohol, and wash the 
erj-.stafi as much as p<*fv.ilile by rotating the dish. Allow to 
settle for a few moments, and decant through a filter. Wash in 
the same way two or three times until the colour of the filtrate 
shoaw that the excess of tho platinum chloride ust^nl is removed. 
Wash tho predpiUte on to the filter with a jet of alcohol from 
the wash-bottle; clc.an the fiUer paper, using as little alcohol as 
possible. Dry in the wait r oven for an hour. Brush the pre- 
cipitate into a wt'ighc<l di>h, and weigh it. It is potassium 
platino-chloride (K^l’iClJ, and cont.iins 16.03 per cent, of potas- 
sium, or 30.56 |>er cent, of pobissinin chloride (KCl), which is 
ecpii valent U) 19.3 per tvnt. of [>otiisli (K,d). 

If the filter-paper is not free from pixvipitoto, burn itand weigh 
separately. The excess of weight over that of the ash will bo 
duo to platinum and potaw<ic chloride (I't an*! 2 KCl). This mul- 
tiplied by 1.413 will give the weight of the potas.ric platino^ 
chloride frean which it was formed. It must be added to the 
weight 0! the main pndpitate. 

xba mixed alkaline chimidea obtained in the usual course of 

r • 
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ftnaljiu we trei^ in this manner; the quantity of plaUnum 
addM must be about three times as much as the mixed chlorides 
vreigh. 


VOLUMSTEIO MSTHOBB. 

lliese are the same as with soda. 

Bxamination of Commeroiai C&rbonato of PotasK'-> 

The impurtiies to be detemined are moisture, rilica, and inso. 
luble matter, chloriue, sulphuric oxide, and oxide of iron. Th^e 
determinatioos are made in the wa^’s described under the exami- 
nation of common salt 

The potasaiam is determined by converting it into cblorida 
and precipitating with platinum chloride, Ac., as just dojicribed. 

Available Alkali. — Weigh up 35.5 grams of the 6am]»K>, 
dissolve in water, and make up to 500 c.c. Take 50 c.c., ♦.int 
with methyl orange, and titrate with the normal holution of arid. 
The c.c. of add used multiplied by a gives the percentage of 
available aik-ali calculat^^d as jx>tasii (K,U). 

Soda.— ThbiU calculated indimtly in the following way;— 
Deduct from the |f>oi;uiadum found tlu» tpianliiy n*quired for cnan- 
bination with the chlorine and sul|>nuric oxide present, and 
calculate the remaiiulur to poUudj (KjO). Tl»e ajqmrent surplus 
excess of available alkali is the moa.^ur© of the j^ixla present. 

Carbon Dioxide.— llie c.c, of add u^l in the available alk:iJi 
determination, mulupliini by 2,7 and divided by 3,35, gives thd 
percentage of carbon dioxide. 

LITHIUM. 

lithia, the oxide of Uthium ocairs in quantities of 3 or 4 

per cent, in various sdiatt. H, ^^ich as lepidoliU* (or lilhia niir.i], 
spodumene, and |M‘talifo. It jdsof^'curaas plitK^plmte in triphyhiu'. 
It is a c«>n?^tiiui ut of ii»e water of certain mincrul springs. A 
spring at Wh<^.d ClitTord contained na much as 0.37^ gram of 
btbium chioride per litre. In small quantities, Otbia k very 
widely dilftrsetl. 

The Dotocuon of lithia is rendnrwl m^y by the spectroscope ; 
its spectrum ^how8 a rtd tine lying almtit midway bet ween the 
yellow iodlum line and the rtd one of potasMum, It also showi 
a faint yellow line. The ^our of the 6ame (a crimson) is 
ierMtic. 

The reactions of the lithium compounds tie between those « 
the alkalka and of the alkaline earths. Bolutions ate not 
dpitated by tartaric add nor by pUtink chlui tdu. The oxide 
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flowly soluble in water. The carbonate is not freely soluble. 
Xiithia is completely precipitated by sodic phosphate, especially in 
bot solutiona. 

In its determination the mixed alkaline chlorides obtained in 
the separation of the alkalies are dissolved in water, a solution of 
goda is added in slight excess, and the lithia precipitated with 
gedic phosphate. Before filtering, it is evapomted to dryness and 
extmeted with hot water rendered slightly ammouiacal. The 
i^due is transferred to a filter, dried, ignited, and weighed. 
The precipitate is lithium phosphate (3Li,0, and contains 
58.8 per cent, of lithia. The separation of lithia from magnesia 
is not given by the usual authorities. Wohler recommends 
evaporating the solution to dryness with carbonate of soda. On 
extracting the residue with water, the lithia dissolves out and is 
determined in the filtrate. One hundred pits of water dissolve, 
atwthe ordinary temperature, 0.769 prU of lithium carbonate 
(Li,CO|) ; the basic miignc^Jiia compund is almost insoluble in the 
abeenoe of carbon dioxide and auimonium salts. 

CAKSIUM. 

The oxide of caesium, caesia (Cs, 0 ), is found associated with 
lithia in lepidolite, Ac., and, together with rubidium, in many 
mineral waters. Tlie mineral pllux is essentially a silicate of 
alumina and cacsia; it contains 34.0 pr cent, of the Latter 
oxide. 

Oaeeiom is best detect+d by the spectroscop, its spectrum 
being characterised by two lines in the blue and one in the red j 
the latter ia about midway between the lithium and sodium 
lines. 

If not detocie<l by the spectrxx^cop, or siwially looked (or, 
caesia would, in the onlimirj’ courst^ of work, l>e seprated with 
the ptasb and weighed as ptassium plat i no-chloride. 

Caesia wseprated from all the other alkalies by adding to the 
acid solution of the mix<\l ehloriticsi a strongly acid cold solution 
of antimonious chloride. The acid u'^1 must be hydrochloric. 
The caedum ia precipiialtHl a.'i a white crystalline precipitate 
(CsCLSbCl*), which is filU*nd oiT, and washed, when cold, with 
strong hydrochloric acid ; since it is deoompsed by water or on 
Warming. Ibo predpitale is w^'.licd into a beaker, and 
with muphuretted bydrc^cn ; after filtering off the sulphide of 
antimony, the aoluUon leaves, on arapration, the caedum aa 
ehlorida. 
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RUBIDIUM. 

Rubidium occurs widely dilTused in nature, but in very small 
quantities. It is generally (u^>ciated with caesium. 

It is detected by the s|M?ctroscope, which shows two Tiolet lines 
and two dark onw. I^e caesium, it is precipitated with 
platinic chloride, and in tUb ordinary course of work would be 
weighed as potassium. It is separated from potassitim by fac- 
tional precipitation with platinic chloride. Rubidium plsUnn* 
chloride is much less soluble tlian the potassium salt. 

AMMONIUM. 

It is usual to ltx)k ui^on the stilts of ammonia as containing a 
compound radical == Am), which resembles in many 
the metals of the alkalies. Ammonium occurs in nature 
chloride in sal ammoniac (AmCl), ns sulphate in roascsignino 
(Am^O^, as phosphate in stnivito (.\iuMgr0^.i :H,0), Minerals 
containing ammonium are rare, and are chiefly f<vund either in 
volcanic districts or asMX’iated with guano. Ammonia and 
ammonium sulphide occur in the waters of c*^rtain Tuscan lagoon!^, 
which are largely worked for the boracic acid they cc)nhvin. The 
crude Ixiracic acid from this source contains from 5 to to [>cr 
cent, of ammonium siilta. It U from these that the purer forms 
of ammonium compounds of commerce known lus “ from volcanic 
ammonia ” are derivtHl. But the hulk of the ammonia of com- 
merce is prepare*! from the ammoniacal liquora obUiined as bye* 
products in the working of certain forms of blast furnaces and 
coke ovens, and more especially in gas making. 

Ammonia hartUy comes within the objects of ass.a) ing ; but it 
is largely nse*l in the labontory, and the ass.'iyer is not un- 
fre<|uently callc<l on to detenu ine it. Ammonium s.ilU are mf>stly 
soluble in water. In strong solutions they give a yellow pre- 
cipitate of ammonium platino chloride on tlic adihlion of chloride 
of phiiinum ; and with the acid tartrate of wnla yield a white 
precipiUto of bydric amnionic tartrate. Tlu’tM' rtnictions are 
idmilar to thoNS pro<luccd w ith polmssium rom|KUinds, 

Il;;nted with a Iwa*, such as lime or srsHc livdrate, ammonium 
miU are dccompoMsl, yielding ammonia gas ( S 11,), which is r^dily 
sotubU in water. Tlie solution of substance is known ai 
ammonic hydrate or ** ammonia.'" 

They tue volaUlised on ignition ; either with, or without, de- 
eonpoiHion eooording to the add present. This fact is of import* 
niioe in analytical work ; sinoe it aUowi of the use of aUudine 
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folutions and rea^nta wbicli leare nothing behind on baating. 
It most bo romonboredy however, that, although ammonic chloride 
IB volatile, it cannot be volatilised in the presence of substances 
which form volalOe chlorides without loss of the latter. For 
sample: ferric oxide and alumina are thus lost, volatilising as 
chlorides ; and there are some otlior coi£n>ounds (notably ammonic 
mognesic arsenate) which on heating to redness suffer reduction. 
The presence of ammonic chloride in sucli ciises must be avoided. 

Detootion. — Comj>ounds of ammonium are detected by their 
evolving ammonia when mixed or licated with any of the stronger 
bases. The ammonia is recognised by its odour, by its alkaline 
reaction with litmus paper, and by yielding white fumes, when 
brought in contact with fuming acid. In consequence of the use 
of ammonium salts and ammonia as reagents, it is necessary to 
make a special tt>st for and determination of ammonium.* In 
the ordinary course of work it will be “ lost on ignition.” The 
determination presents little dithculty, and is based on the method 
used for it« detection. 

Solution and Separation, — Although ammonium salts are 
soluble in water, there is no necessity for dissolving them. The 
compound containing the am- 
monia is boiled with an alkaline 
solution ; and the liljerate<l am- 
monia condensed and collected. 

The sulistanco is weiglied out into 
a flask of al)Out aoo c.c. catpacity. 

Tlie flask is closed with a rubb^ 
cork perforated to carry a 20 e.c. 
pipette and a bulb exit tube. 

ITie latter is connected with a 
receiver, which is a small flask 
containing dilute hydrochloric 
acid (fig. 61). The flask contain- 
ing the sulwlnnoe is corked, and 
tlie greater pjirt of tlie soda solu- Fio. 61. 

tion is run in from the pipette. 

The solution is then l)oile<i. Tlie ammonia volatilbes, and is 
carried over into the hydrot'hlorie acid, with which it combines to 
form ftiy>niion»e chloride. The distillation is carried on ^ntly until 
the bulk of the liquid is driven over, The ammonia in the 
receiver will be mixed only with the excess of hydrochloric add. 
^Hiis aeparaiion is used in all determinationa. 

* Aounonlatt oompooiKli are fraqaenilj prodooed when dissolving 
awtali in nitrio add ; or whan nltntei aw heated in the preaenoa d the 
Eaatala 
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aEAVIMSTRIO BBTBBHIirATIOirt 

TTie contents of the flask are transferred to a weighed platinum 
dish, and evapomUx! on the water-bath. It is dried until the 
weight is coastant. Tlie cidorido of ammonium remains as a 
white mass whicli, after cooling in a desiccator, is weighed. It 
contains 33.7a per cent, of ammonium (NH.), or 31.85 per cent, 
of ammonia (NHj), On heating over the Bunsen burner it is 
completely voUtili>ei!, leaving no residue. 

VOLUMBTBIO DETERMINATION. 

Weigh up 1.7 gram of the substance and place it in the fla^k. 
Measure off 50 c.c. of the normal solution of add, place them in 
the receiver, and dilute with an ei|ual volume of water. Kun in 
through the pijiette (by o|)euing the clip) jo c.c. of a strong 
solution of sola, Ual until the ammonia has {Kwssed over, and 
then aspirate a current of air through the apparatus. Disconnect 
the recviver. and tint iU cont*uUs with methyl orange. Titrate 
the residual add with a st>nii unniml solution of alkali. Divide 
the c.c. of the “alkali*' s^dutiou use<i by 2, and deduct from 
the 50 c.c. The dilTerenco will give the number of e,c. of the 
nonimi add solution neutnilb<e<l by the ammonia distilled over. 
Each clc. of “add * so netitnilnsoil, represents 1 per cenU of 
ammonia in the .‘^uiiple. H the results are to be reported M 
ammonium, x.S gram of the sample U taken instead of 1.7 gntm. 

COLORIMETRIC DETERMINATION, 

This w etTet-te^l by means of “ Nessler s reagent, which strikes a 
brow n rtdour w ith troccw of ammonia, even with a few hundn'ilths 
of a milligram in too c.c. of liquid. With huger quantities of 
ammonia the reagent giv(«s a predpitate. This reagent ut a strongly 
alkaline solution of (lota^dr mercuric iodide ; and is thus made 

tduium : I>i?w>lvo 1 7 grams of mercuric chloride in 
300 C.C. of water ; and add the sobitinn to one of 35 grams of 
potassium iodide in too c-c, of until a jjcrmanent ptodpiute 
IS produced. Both solutions mmtt Ijo cold. Tlu n make up to a 
litre by adding a 30 per rent, solution of potash. Add more of 
the nercoric diloride (a little at a time) until a permanect pre- 
dpitate is again fonne<i Allow to settle, decant, and use the 
liquor. Four or five cc. are used for each 100 c.c; ol liquid to 
be tesw 

A Skmdard ScMm ^ Ammama k ma^ by dkiolfiag o.}>5 
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mm of ammonio chloride in water, and diluting to loo co 
Ten O.C. of tha taken and dJuted to i litre. Z c.c. ooni^ 
o.oi muligmni of ammonia (NH,). wuwung 

In worlring, the ^lotion containing the ammonia U diluted to a 
definite rolume, and to such an extent tliat 50 c.c, of it shaU not 
contain more than 0 o* or 0.03 milli-mm of ammonia. Fifty c c 
of It are transferred to a Nes,slcr glxss and mixed with 2 cc of 
^e8riere reagent The colour is noteJ, and an estinwte made as 
to the amount of ammonia it indicates. A measured quantity of 
the stodard ammonia, udgcl to contain alxiut a« much ammonLa 
8.S that in the ai^sajr, is then put into itnother Ne.-.vler It is 

diluted to 50 c.c. with water, and mixed with 2 c.c. of'‘ \e.sder" 
After standing a minute or two, the colours in’ the two 
are compared If the tinU are equal, the b finished * but 
if the standartl w wejiker or stron-er tlian the assjiy another 
fcUndard, contiuning more or less ammonia, as the case may be 
nrtist bo prt*par»>d am! oomi^firwJ with the assay Two such 
eiperimenU will gonendly be 8uffi( ient ; but, if not, a third must 
be made. The addition of more standard ammonu to the solution 
to which the “ NVder " Las alreatiy been added does not give a 
satisfactory result. ® 


\Vhen the ammonia in 50 c c, has \xen determined, that in the 
whole solution is aset^rtained by a suitable multiplication. By 
10, for example, if the bulk was 500 c.c., or by 20 if it was a litre. 

Distilled water is \im\ througliout. It must be free fixim 
ammonia; and is be>t pRqaixd by distilling an ammonia free 
apnng water. 
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CHAPTER XV. 

OZTOSV ASfD OZIDES.-THS HALOGBnS. 

OXYGEN. 

OxTCtif occurs in ntiure in the free sUte, forming 33 per cent hy 
weight, (Mr a 1 per cent by volume of the atmc«»phpre ; but, iince it 
is ft gas, iU presence is easily 0TerUx)ked and iu importance under- 
e^timAted. tbccept in the examination of fumnn* gases, kc.y the 
assarer is not often called upon to determine iu quantity, but it 
forms one of his most useful reagents, and thrre are uiaiiy ciises 
where he cannot afTord to dwrepwrd its prt^senco. It occurs not 
only in the air, but also du»olved in water ; ordinary waters con- 
taining on an average 0.00085 per cent, by weight, or 0.85 parts 
per 100,000. 

Chemically, it is dharartensed by its power of combining, espe- 
cially at high temperatures, with the other elemt nU, forming an 
important daM of compunils called oxides. This combinatiim, 
when rapid, is accompanied by the evolution of light and heat, 
hence oxygen is generally called the supporter of combusliom 
This property Is ti^en advantage of in the operation of calcining, 
scorifying, cupelling, Ac. Tlio importance of a free aci'css of air 
in ^ sue b work is »>en when it is rrmemU^red that 1 litre of air 
cumtains 0.2975 fTram of oxygen, and this quantity will only 
oxidise o.i 115 gram of carUn, 0.2975 8^*^ sulphur, oir 3 849 
grains of lead. 

Oxkklton takes place at the orrlinary temperature with many 
substancei. Examplee of such action are seen in the weathering 
ol pyrites, rusting oi iron, snd (in ihs mmy office) the weakening 
ol Mdntms ol man? reducing agents. 

For methods of detemuning ^e of oxygen In esses, 

(or tediitkil pnrposes, the student is imrcd to WtnkW A 
Longe*s ** Tcidiiiical Qss Amdysk'' 
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OXIDES, 

OxIdM are abundant in naturo, almost alf the commonly occur 
ring bodiee being oiidiaed. Water ( 11 , 0 ) containii 88,8 per cent 
of oxygen ; silica, lima, alumina, magnesia, and the other earths 
are oxides, and the oxides of the heavier metals are in many cases 
important ores ; as, for example, cassiterite (SnO,), hfematite 
magnetite (Ke,OJ, and pyrolusite (MnO,). In fa^, the 
last-named mineral owes its value to the excess of oxygen it con- 
tains, and may be regarded as an ore of oxygen rather than of 
manganese. 

Meet of the mctaU, when heated to redness in contact with air, 
lose their metallic htstre and Ix-come coated with, or (if the heat- 
ing be prolongwl) altogetlier converted into, oxide. This oxide 
was formerly termed a «tli," and has long been known to 
wei"h more tlum the metal from which it was obtained. For 
example, one part by weight of tin becomes, on calcining, 1.271 
pjirteW oxide (putty powder). The student will do well to try 
the following exjieriments Take 20 grams of tin and lieat them 
in a muffle on a scorifier, scni}dng Wk the dross a*? it forms, and 
omtinuing the oi>©ration until the whole of the metel is burnt to 
a white powder and ceases to increase in weight.* Take care to 
avoid lose, and, when c(dd, weigh the oxide formed. The oxide 
should weigh 25.42 grams, wliiih increase in weight is due to the 
oxygen absorbed from the air and combined with the metal. It 
can lie calculated from this experiment (if there has been no loss) 
th,it oxide of tin oontain.H 21.33 pt‘r csmi. of oxygen and 78.67 
per cent, of tin. Oxidation Is performed with gre^iter wnvem- 
ence by wet methods, using reagenta, such rs nitric acid, 
which contain a large proportion of oxygen lo^ly held. Such 
reagenta are termed oxidLsing agents. Bojades nitnc acid, 
permanganate of potash, bichromate of potesh, and peroxide of 
hydrogen are largely used for this purpose. One c.c. of nitric 
add contains m much oxygen as 2.56 litrM of air, and ^e 
greater pmrt of this is available for oxi<lising purposes. Try 
the following experiment Take 2 grams of tin and cover in a 
weighed Bm'lin diah with 20 cc, of dilute nitric acid, beat ^11 
decomposed, evaporate to drynesw, ignite, and 
a gimzna of tin abould yield 2.54a F^am*^ 0* ^be m- 

cieaae in wmgbt will be proportionally the same as in the previ^ 
expmiiiimt by oakinAtioD, and U due to oxygen, which in thia 
CU0 has bemi detiTed from the nitric add. 

• Thli will rMttire two « tkoe hours to thorooghly rompleU. It 1* 
^te powdar the oxide flWt prodaced, and reealclna 
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The percentage of oxygen in this oxide of tin (or in any of the 
oxidoe w the heavier metals) may be directly determined by heat* 
mg such oxidee in a current of hydrogen, and ooUecting and 
weighing the water formed. 

It is found by ex{>eriment that 88.86 parts by weight of oxygen, 
combining with 1 1.14 parts of hydrogen, form 100 parts of water ; 
so that from the weight of water formed it is easy to calculate 
the amount of oxygen the oxide contained. 

Take i gram of the dricii and powdered oxide and place it in a 
warm dry combustion tube. Place the tube in a furnace, and 
connect at one end with a hydrogen apparatus provided with a 
sulphuric add bulb for drying the gas, and at the other with a 
weighed sulphuric acid tube for eoUecting the water formed. 
The apparatus re<]uired is shown in fig. 62. Pass hydrogen 
through the apparatus, and, when the air has been cleared ouL 


Fta.6a. 



Bght the furnace. Continue the heat and current of hydrogen 
for half an hour (or longer, if necessary). Allow to cool. Draw 
a current of dry air through the weighed tube. Weigh. Tlje 
increase in weight give* the amount of water formed, and thU, 
multiplied by 0.8886, give* the weight of the oxygen. The per- 
cental of oxygen thus determined should be compared with that 
got by the oxidation of the metal. It will be practically the 
nma The following results can bo taken as example* : — 

Twenty grams ol tan, calcined as described, gave 35.37 
of oxide. 

Two grams of tin, oxidised with nitric add and ignited, gave 
3.551 ^ oxide. 

One gram of the oxide of tin, on reduction in a cmrent of 
hydrogen, gave 0.3360 gram of water (equivalent to 0.3098 gram 
01 oxygen), and left 0.7900 gram of metal. 

Ten grams ferrems sulphate gave, on strong ignition, 3.89S 
gnuDS m ferric oxide (Fe,0|) * instead of 3.877. 

The student should simiUrty determine the percentage of 
oxygen In oxidea of copper and iron. The former oxide may be 
prepafed bydincJving 5 grams of copper in 50 ca of dilute nitric 

* Me magaalio oxide was formed. 
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add, «yaporatiDg to drynesa, and strongly igniting the lesidue. 
Xhe oxide of iron may be made by weighmg up lo grama of 
powdered ferrous sulphate ( = to 2,014 grams of iron) and heating, 
at first gently, to drive on the water, and then at a red heat 
untU completely decomposed. The weight of oxide, in each case| 
ghould be detefrmined; and the percentage of oxygen calculated. 
Compare the figures arrived at with those calculated from the 
formula of the oxides, CuO and Fe,0,, 

It would be found in a more extended series of experiments 
that the same metal wiU, under certain conditions, fonp two or 
more oxides diflering among themselves in the amount of oxygen 
they oontfun. These oxid^ are distinguished from one another 
by such names as “higher” and “lower oxides,” “peroxides,” 
“ protoxides,” “ dioxides,” 4c. 

The oxides may be conveniently clasfdfied under three heads 

(1) Thim that are rtdtu^ed to meial hy heat alone, such as the 
oxides of mercury, silver, platinum, gold, 4c. ; 

( 2 ) ThoH which are reduced by hydrogen ai a red 4 eat, which 
includes the oxides of the heavy metals ; 

( 3 J Thote which are not by thm means, good examples 

of which are silica, alumina, the alkalies, and the alkaline earths. 

Another important chuuofication is into acid, basic and neutral 
oxides. The oxides of the non-metallic elements, such as sulphur, 
carbon, phosphorus, 4c., are, as a rule, acid ; and the more oxygen 
they contain, the more distinctly acid they are. The oxides of 
the metals are nearly all basic ; and, as a rule, the less oxygen they 
contain, Uie more dUtinctly basic they are. 

The basic oxides, which are soluble in adds, give rise to the 
formation of salts when dissolved therein. During the solution, 
water is formed, but no gas is evolved. The oxide dissolved in 
each case neutralixes an equivalent of the acid used for solution.* 
The basio properties of many of these can be taken advantage of 
for their determination. This is done in the case of soda, potash, 
lime, 4c., by finding the quantity of acid required to neutralise a 
given weight of the substance. 

There are some oxides which, under certain conditions, are 
acid to one substance (a stronger basel and baric to another (a 
itronger acid). For example, the oxiaes of lead and of tin, as 
also alumina, dissolve in caustic soda, acting as acids; whilst, on 


a For sxampta:-’-’ 
OhO+2Ha«CaCUBLa 
FbO+H^.«PbSO,+H,0. 
llgO+WN0,-Mg(KOJ,4H,a 

F 50 i+ + 3 H.O 
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tbe oUmt band« the/ combine with iulpboiio or hjdrooblorie add, 
playing the part of baaes. 

The oxides known aa ** oartha,’* when ignited, are many of 
them inaohihle in acids, although easily dissolved before ignition. 

It is common in complete a^ysee of minerals to meet with 
cases in which the sum total of the elements found falls short of 
the amount of ore taken ; and here oxygen must be looked for. 
For example, this occurs in the case of a mixture of pyrites with 
oxide of iron, or in a mixture of sulphides and sulphates. The 
state in which the elements are present, And the percentage (aay 
of sulphides and sulphates) can in many cases be determine ^ but 
this is not always reouired. When the ditVerence between the 
sum total and the elements found U small, it is reporte<l as 
** oxygen and loss," When, however, it is considerable, the oxygen 
may be reported as such ; and its amount either determined 
directly in the way already deacrilnjih or calculated from the b^st 
determination that can lie made of the relative amount* of oxides, 
sulphides, sulphates, ic., present. Such caia^s rwjuire a careful 
qu^itative analvsis to End out that the suWtance is present; 
and then the sefiamtion of constituent is made as strktiy as 
possible. These remark* apply especially to ore* of the heavy 
metals. The separation of the comtiiluetit* is elTecieti with nviit- 
able solvmii* applie«l in proper onler The wduble sulphates, for 
example, are extrart***! with water ; the oxidt« by the iiilute arid* 
or alkalies in wliich they are know n to aoluhie. The oxypm 
in the sulphates and oxid*-* thus ohlainwl U estimated liy deter- 
mining the sulphur and metals in the solutioiis, and caiculatinc 
the amount of oxygen w ith which they combine. The metals of 
the earths and alk^tes are almost invariably preaent as oxidt^, 
and are reported as such ; except it is known that they are prt^-ni 
in some other form, such as fluoride or chloride. Thus, silira, 
alumina, lime, water, kc,, appear in an analysis ; even in tho^ 
cases where <»xygen and to** " is also mentioned. As an example 
of such a report, take the following analysis of Spanish pyrites i— 


Balphar . 



, 4900 

Iron .... 



• 41-55 

Copprf . 



. 

Arw^nic . 



. ft47 

IsSkil 



. a9j 

Zinc. 



* 0-35 

IdSM * « • 



• a to 

Klka,Ac. 



« o>6t 

Water 



. 0.70 

Oxy|MaftdtoM * 



. 1,07 

totxoo 
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Tb« following example will illustrate the mode of calculating 
and reporting. A minend, oocutring aa blue crj'staU soluble in 
water, and found on toting to Iw a mixed sulphate of iron and 
oopper^ gave on analysU the following results : — 


Water , 
Sulphuric oxide 
Copfior . 
Kcrrouji irun , 
Ferric iron . 
Zinc 


44 5* percent 
28.82 „ 

8 44 ft 

11. Si 

0.3S „ 

o.:8 - 


94.24 

There i« here a deficiency of 5.76 per cent, due to oxygen. 
Nothing else could be found, and it is known that in the sulphates 
the metalfi exist as oxides. By muUiplving tl.e wei;;ht of the 
copper by 1.252, the weight of copper oxide (CuO) will be ascer- 
tained; in this case it eipuils 10.57 {xt cent, lire ferrous iron 
multiplied by 1.286 will give the ferrous oxitle (FeO); in this 
case 15.19 pr*r cent. The ferric iitm muUipUe<i by 1,428 will give 
the ferric oxide (Fep^); in this cxse 0.54 per cent. The xino 
multipUetl by 1.246 w ill give the rdnc oxide (ZuO); in this case it 
equals 0.35 per cent. The analysis will be report^ as — 


Water . . 

Sulphuric ori<le 
Copjier oxide . 
Ferrous oxide 
Ferric oxide . 
ZIao oxide , 


, 44-51 

. 2S.82 

. 10. >7 (Kjual to copper 8.44 */« 

• 15-19 

f 0.54 
^ 0-35 

99 - 9 S 


The following (A) is an aD.alysis of a sample of South American 
copper ore, which will serve as a further illustration. The 
analysis showed the presence of 6.S9 per cent, of ferrou^ oxide, 
and some oxide of copptu*. 

The analysis (B) is that of an ore from the same mine after an 
ini|>crfect roosting. It will socn that the carlxmatee have been 
converted into suljdmtCA. If the total sulphur simply had been 
determined, and the sulphate ovcrlookotl, the “ oxygen and loss” 
Would have been 5.65 per cent., an amount which would obviously 
pe^iuUw an expianatioo. 
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A 

& 



Water 

aas 

059 



Orsanlo matter * 

Sn^or . 

0.54 ... 

29.50 ... 

a«.33 

Copper . . 

Copper oxide 


Copper . 

ia9a 

9.80 

aiS 

Iron . * • . 

31.09 ... 

39.73 

Iron 

Ferrio oxide , 

34.3a 

7.73 

Lead 

0.35 ... 

aia 


Zinc. 

a$6 

a69 



CobaH . . . 

ao6 

0.11 



Ume , » 

5.25 - 

7.69 



Vagsesia . 

a-33 ... 

3.55 



Balpbarkt oxide 
Cuhoo dio>xide. 

l.oo 

8.87 ... 

5*30 



<* Injulttble silicates 

5.12 ... 

8.38 



Oxygen and loee 

a,S6 

2-47 



Potash 

0.15 




loaoo &<Kla • 1.09 

lOOiOO 

WATER. 

W»t«r occtiTu In mineraU in two formn, froe »nd oombln^l 
Th© k^m moi^ure" '^ught, rtrirlly, W be Umitixi to the firs; 
aitboogb, u alreariy bi‘en expliuned, it is more convenient io 
MBaying to apply the term to all water which w driven off on 
drying at 100* C. The combineti water is really a part of tb« 
mineral itself, although it may be driven off at a high tempen- 
tore, which varies with the In some caaea a prolonged nd 

heat is required ; whilst with crystal tiaed salts it is aometimcs 
given off at the ordinaxy tempetmturea^ Thia latter phenoinenon, 
anown aa eiflotesrence, U mostly confined to arlificUf «alta. 

The determination of the combined water may often be m«<!e 
by Amply igtiiiing the aubatanoe from which m tnotMure 
b^n removed. Tlie quantity of water may be detcnnined, either 
indirectly by the Ions, or directly by collecting it in a calcium 
chloride tuW, and weighing. In Nome caaea, in which the hm tm 
ignition does not give simply the proportion of comUned water, it 
can he seen from the analyaia to what elm the loai is due ; an 1 , 
after a proper deduction, the amount of water can be eetimst^si 
For exampU, 1 gram of cryAalliaed iron aulpbate waa found to 
mtab <m a^ysia o.aS?? gram <d aolphuric oxide : and on ignd 



0*1877 fVBffi of ferric osida ie equal to 0.1589 gran of fem^ 
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oxide,* end consequently, the loes on ignition has been diminished 
by o,oj88 mm, which is the weight of oxygen absorbed by the 
ferrous oxide during calcining. The loss on ignition was 0.7123 
gram, to wbkihmust be added 0.0288 gram ; hence 0.741 1 gram is 
the weight of the combined sulphuric oxide and water present. 
Deducting the weight of sulphuric oxide found, 0.2877 gram, 
there is left for combined water 0,4534 granu The composition of 
I gram of the diy salt is then : — 

Water . . . « , 0,4534 

Sulpbaric oddo « . • o.»77 

Ferrous oxide . « • « a25S9 

1.0000 

The following U anoi hrr example : — A sample of malachite lost 
on ignition 28.47 [kt leaving a residue which was found on 
aftalysis to be made up of oxide of copper (etpial to 70.16 per cent, 
on tbe minenil), and silim and oxide of iron (equal to 1.37 per 
c(*nt,). Carlx)n dioxide and water (but nothing else) was found 
to be present, and the carlKin dioxide amounted to 1 9.64 per cent. ; 
de^Iucling this from the loss on ignition, we have 8,82 as the per- 
(vntago of water |ireseat. The analysis was then reported as 
follows ■ — 

Cupric oxide . . • . ?o. 16 equal to 56,07* copper. 

Silica &itd ferric oxide * • 1.37 

CarboD dioxide , . « .19.64 

Water ^.^2 

99^ 99 

Direct Dotormination of Combined Water. ^ Transfer 
about 3 grams of the subsUnco to a piece of combustion tube (8 
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or 10 Lnchaa long), attached (as in 63) at one end to a U-tube 
eontauung sulphurio acid, and at the other end to a calcium 

* FejO, : sTeO :: 0.aS?7 0.2589, 
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chloride tube. The last Is weighed previous to the determloArirni. 
The tube shoiild be warmed eiisure complete dryness, and must 
be free from a misty appearance. Aspirate a current of air 
through the apparatus, heat the mineitU by means of a Bunsen 
burner, cautiously at first, and afterwimis to redness (if neces- 
sary), The water is driven off and coiuleusea in the caldum chlo- 
ride tube, which Ls afterwar\JfriX>oled and weighed. The increase 
in weight is due to the water. If the substance gives off acid 
products on heating, it is previously miied with some dry oxide 
of l^d or pure calcined magnesia. 

EXAHIKATIOIf O? WATEES. 

The assayer is occasionally called on to test water for the pur* 
puw of aecertaining the nature and q|Uantity of the s^dts contained 
in it, and whether it U or is not til for tecluiicid and drinking 
pur{)oses. 

In mineral dlstiicts the water w generally of exceptional clmrac 
ter, being more or less cliargetl, not only with earthy saiU, but 
aUo frequently witli tho>e uf the imrials, DLitilletl water is only 
used by asssivers in i-ertain exception:il m> th;it liy many it 

would be ammig the nin/r oxides. Water of ordinary 

purity ail I do for ino^t purposes, but the lud.ure and <juantity of 
the impurities mu.st known. 

The following tletenninations are of chief im|H>rtanco: — 

Total Solids at 100 * C.~ Where simply the amount is re- 
quinsh take too c.c. and eva|>oniteon the wuterdwth in a weighed 
dish ; then dry in the wnter o\’en, and weigh. 

Total Solids Ignited. — The above residue is very j^ntly 
ignited (ketq>ing the heat well Udow mliu^ss), and agidn w'cighed. 
A larger loris than 4 or 5 parts jjer 100,000 on the water requireji 
an explanation. 

Chloiino.— Take too e.c, of the water in a porcelain dish, atM 
a c.c. of a 5 pc^r cent, solution of neutral pobL'euc chromate, and 
titrate with a neutral standjird soUition of nitrate of silver, mado 
hy dissolving 4.7H9 grams of ciyhialltsed silver nitmte in distilled 
water, and diluting t^) 1 litre. The addition of the nitrate of 
silver U continual until the yellow of the solution iMtumes a 
reddish tint. The react it»n Is very sluirp. Katdi c,c. of nitrate of 
stiver used is equal to t |)art by weight of chlorine in 100,000 of 
wid^. At inland places this r^iy amounts to more than 1 it) 
100,000; btti near the sea it may amount to 3 or 5. More than 
tbk requires explanniion, and generally indicates sewage pollution. 

Eontozido (NpJ.^U is mors ^neraily reported 
Bfidar Uks heading, ** nitroi^ as nitiatss.” Take 350 c.c. of the 
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water and evaporate to a or 3 c.& ; addulate with a few droje of 
dilute sulphuric acid, and tnin«fer to a nitrometer (using strong 
sulphuric acid to wash in the lost traceaji The sulphuric acid 
must be added to at least twice the bulk of the liquid. Shake up 
with mercury. The mercury rapidly flours, and nitric oxide is 
given off (if any nitrate is present). The volume of the nitric 
oxide (corrected to normal temperature and pressure), multiplied 
by 0.25, gives the parts of nitrogen per 100,000 ; or, multiplied by 
0.965, gi^6 the nitric pentoxide in parts pt^r roo,ooo. In 
well and spring waters the nitrogen may amount to 0.3 or 0,4 parts 
per 100,000 ; or in richly cultivated districts 0.7 or 0.8 parts per 
100,000. An excess of nitrates is a suspicious feature, and ia 
gtmerally due to previous contamination. 

Ammonia. — Take 500 c.c. of the water and place them in a 
retort conn(H:ted with a Liebig’s condenser. Add a drop or two 
of u solution of carlxjnate of wkIa and distil over 100 c.c.; collect 
ftifother 50 c.c. wqmnitely. Determine the ammonia in the 
distillate colorimetriailly (with Nessler’s solution, as described 
under J mmo« w) and compare with a standard solution of ammonic 
chloride containing 0.0315 ammonic chloride in r litre of 

water. One c..c. contains 0.01 milligram of ammonia. The second 
distillate wdll show littb*. if any, ammonia in ordinary cases. The 
amounU found in both distillates are added together, and ex- 
preivs<^d in jiarts per loo.ooo. 

Waters (other than rain and tank waters) which contain more 
than 0.003 p»r 100,000 are suspicious. 

Organic Bt&tter. — The organic matter csinnot be determined 
directly ; but for onlirmry purposes it may l>e measured by the 
amount of peimanpinate of potassium which it reduces, or hy the 
amount of ammonia w hich it evolves on boiling with an alkaline 
ptTUWiUgnnale of potassium solution. 

A. Alhu$nin(yi(l A muumiu. — To the residue left after distilling 

the ammonia add 50 c.c. of a solution made by di.s.«olving 200 
giama of potash and 8 grams of potimum permanganate in 
IIOOC.C. ot wateT, and rapidly Ixaling till the volume is reduced 
to I litre (this should be kept in a well stopfH’red l^ottle, and be 
occasionally tested to sec that it is free from ammonia). Continue 
the distillation, collecting 50 c.c. at a time, until the dishlkte is 
free from ammonia. Thrve or four fractions are genemliy suffi- 
cient Determine the ammonia colorimetrically as before. If 
the total albuminoid ammonia does not exceed 0.005 100,000, 

the water may be r^^arded na ch^Jin a.s regards organic matter ; if 
it amounts to more than 0,01 $, it is dirty. 

B. Oxygm stamhird sohition of permanganate 

of potash is made by duawlving 0.395 gram of the .'^dt in water 
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and dilutiiig to i Hire. Each 0.0. equals o.x milligram of avaU- 
able oxygen. The following are also required A aoluUon of 
sodium hypceulpbite containing x gram of the salt (Na^,0L.5H,O) 
in X litre m water, a. Dilute sulphuric acid^made by ad^gone 
part of the acid to three of water, and titrating with the perman- 
ganate solution till a faint pink perscUts after wanning fw several 
hours. 3. Starch paste. 4. Potassium iodide solutiom 
Take 250 c.c. of the water in a stoppered bottle, add 10 c.c. of 
Kulphurie acid and 10 c.c. of the permanganate, and allow to stand 
in a warm place for four bouts. Then add a few drops of the 
edu^ou of potassium iodide, and titrate the liberated iodine with 
“ hypo,” using starch paste towards the end as an indicator. To 
standardise the hyposulphite, take 250 c.c. of water and 10 c.c. of 
aulphurio add, and a few drops of potassium io^lide; then run in 
10 c.c. of the “ permanganate ” solution, and again titrate ; about 
30 c.c. of the “ hypo " will be used. The dilference in the ^wo 
titrations, divided by the last and multi plitn! by 10, will give the 
C.C. of permanganate solution used in oxidising the org^inic matter 
in the 250 c.c. of water, flach c.c. represents 0.04 parte of 
ox>'gen in 100,000. 

Metals. — These may for the most part be estimated eolorime- 
tricaJiy. 

— Take 100 c.c. of the water in a Nessler tube, and add 
10 c.c. of sulphuretted hydnigen w ater, and compare the tint, if 
any, against a staiuUrd lead solution, as described under Coiori- 
mfiric Lmd. Kepc»rt in part# per 100,000, 

Copper. — Proceed as with the lust-mentionwl metal; but, if 
lead is also prmmt, botl down 500 c.c. to about 50 c.c., then add 
ammonia, hlter, and estimate the (X)pper in the blue solution, aa 
described under Co/tin’mdrtc Copper, 

Iron, — Take 50 c.c., or a smaller quantity (if necessary), dilute 
up to the mark with distilled water, and detertnino with pciassium 
imphocyanate, as described under CoLormetrie /ron. 

Eino.— Einc U the only other metal likely to be preeent ; and, 
sinoe it cannot be determined colorimetricallyiit must be separately 
estimated during the exatnination of the ** total solids." 

Szaminutlon of Total 8oU<li.*'--Eva|^ta soo e.c. to 
dryness with a drop or two of hydiochlonc add. Take up with 
bydrochloric add, hlter, ignite, and weigh the residue as ** sUica." 
To the Dteste add a little ammouie chloride tod ammonia, boil 
and fiber, ignite, and weigh the ]uwdpttide as of iron 

and ahuiika.'* Collect the filtrate in a small flask, add a few drops 
of anuooniain sulphide or paai sul^uretted hydrogen, oork ths 
and allow to stand overnight ; filter, wash, mnd detenniod 
the sue gravisDetrioali* as oxide of sue. if oopps* or lead wees 
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preMt, tb^ should have been previously removed with sul- 
pburefct^ hydrogen in the acid solution. To the filtrate add 
amnKmin oxaUto and ammotiia, boil for some time, allow to stands 
filter, wa^, ijpite, and weigh as “ lime.’' Evaporate the filtrate 
with nitric acid, and ignite. Take up with a few drops of dilute 
hydrochloric acid, add baric hydrate in exc^, evaporate, and 
extract with water. The residue contains the magneeia ; boil with 
dilute sulphuric arid, filter, precipiuto it with phosphate of soda 
and ammonia, and weigh as pyrophosphate. The aqueous extract 
contains the alkalies with the excess of barium. Add sulphuric 
acid in slight excess, filter, evaporate, and ignite strongly. The 
residue consists of the sulphatOK of the alkalies (which are 
separately determined, as descrilxxl under Potathy 

Sulphuric Onde (SO,). — Take 200 c.c. and boil to a small 
bulk with a little hytlrochloric acid, filter (if necessary), add baric 
chloride solution in slight excess to the hot solution, filter, ignite, 
and weigh as lioric sulphate. 

Carbon Dioxide (froo).— Carl>on dioxide exhits in waters in 
two forms, free and combined. The litter generally occurs as 
bicarbonate, although on analyj^iN it Li more convenient to consider 
it as carbonate, and to count tlie exce^is of carbon dioxide with 
the free. The method is as follow.s : — To determine the free 
carbon dioxide, take 100 c.c. of the i^ater, place them in a fi^igk 
with 3 C.C. of a strong solution of calcium cliloride and 2 c.c. of a 
solution of amnionic chloride, next tuld 50 c.c. of lime-water. The 
strength of the lime-water mmst lie kuo^vn. Make up to 200 c.c. 
with dialled water, stop the fla.«^k, and allow tlie precipimie to 
settle. Take out 100 c.c. of the clwir s^jlmian with a pipette, and 
titrate with the stAndard solution of acid.* Tlie numlier of c.c. 
requi^, multiplied by two, and deducted from that required for 
the 50 C.C. of lime-water, and then multiplie<l by 0.0045, 
the carlioD dioxide present other than as normal carlionatei:. 

Carboa Dioxide oombinod as normal carlwriaie.— 100 c.c. of 
the water are tinted with phenacetolin or laemoid ; then heated 
to nesar boiling, and titrated with st^uitlard a<utl. The number of 
C.C. used, multiplied hy 0.0045, will give the weight in grams of 
the oombined wbon moxide. 

Free Aotd.— In some waters (especially those from mining 
districts) thesw w^l be no carbonates. On the contrary, there 
toay be free mineral acid or arid salts. In these cases it is 
Dficesmry to determine the amount of acid (other than carbon 
dioxide) pneant in mm of that reemired to form normal salts 
^ ii doM in tbe fodowing way :~'Make an ammoniacal copjier 


* leeoAi ooeuUa 1 giaui at sulpburtc add* 
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solotion by taking 13 grams of cop^ Btilphato ( 0 n 80 ^« 5 H| 0 ), 
dissolving in water, adding solntion of ammonia until the pTed|tt- 
tate drst formed baa nearly dissolved, and dilating to 1 litze. 
Allow to settle, and decant off the clear liquid. Tbcf strength of 
this solution is determined by titrating against 10 or ao&c.ofthe 
standard solution of sulphuric acid (100 c.o.b 1 gram H,SO^). 
The dni&bing point is reached as soon as the solution berames 
turbid from precipitatetl cupric hydrate. At first, as each drop 
falls into the add .soUitioiu the ammonia and cupric hydrate com- 
bine with the free acid to form ammonic and cupric sulphates ; but 
as ^>n as the free acid is used up, the ammonia in the next drop 
not only precipitates an etjui valent of cupric hydrate from the 
solution, but also throws down that carried by itself. ThU method 
is applicable in the pn'sence of metallic sulphates other (Aon ferric. 
The standardising and titration should made under the same 
conditions. Since sulphuric acid and sulphate are predominant 
in watt*^ of this kind, it is most wmvenituit to report the acidity 
of the water as e<jiu\’Jtlent to so much sulphuric acid. 

Dissolved Oxygen.— For tlic gusometric method of analysing 
for dissolved oxygen, and for the S<dmt7jenlHerger*R volumetric 
metlexl, tie ^tudent is refemnl to Sutton's “ Volumetric Analysis.’' 
Tlie following is an e;i.«iy metluxl of estimating the free oxygen in 
a water:- Take 20 c c. of a Cannons chloride solution (about 20 
grams of tlie s.alt with 10 c.c. of hydrochloric acid to the litre); 
aild 10 c.c. of hydrcKddoric acid, and titrate in an atmosphere of 
carlion dioxivle with sUindanl pt*nimngaimte of potassium solution 
(nunir i>y di->oIvi!»g J.975 gram of the sail in i litreof water ; i c.c, 
etpial.s 0.5 mi digram of oxygen), A Minilar titration is made witli 
tlie addition of 100 c.c. of the water to be tested. Less perman- 
g:inate wili rt>]uirefl in the strond Ulmtiun, acconling the 
amount of iixy;:»‘ri sn iiu* wafer ; and the dnVfiviK*e, multiplied bv 
o.;. wid gi\- rh»‘ vd the oxygen in miUigrama, Small 

quantities of jiitraus do not interfere. 

In CKifisriNU the results of the analysis, it u customary tc 
e«^snlnr.e the w id.^ and f<*undon some such principle ns tbs 
following TIjc sulphuric oxide is calculated as combined wlh 
the potash, and nqM>rti-<l a-s polassic sulphate ( K^O,) ; the balance 
of the sidphurir oxide is then npjxjrlioned to the soda, anl 
rejs>rted sulphate of soda (Na^O,); if any is still left, it U 
reported as raid urn sulphate (Ca 80 .), and after that as ma^csic 
sulphate (Mgt^O,). When the sulphuric oxide has been eatisfnd, 
the chlorine is distributed, taking the liases in the same ord<»r, 
then the nitric pentoxide, and lastly the carbon dioxide. W 
any method for thtm oombimng the bases and acids must bs 
arbitrary and inaccuiiEteL It is exUemely improbable Mmt any 
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siisple «Utemeiit <»n represent the manner in which the bases 
and i^dfl are distributed whilst in solution ; and, since different 
chemists are not agreed as to any one system, it is better to give 
up the attempt, and simply state the results of the analysis. This 
has ordy one inconvenience. The bases are represented as oxides ; 
and, since some of them ai*e present as chlorides, the sum total of 
the analysis will be in excess of the actual amount present by the 
weight of the oxygen ^ui valent to the cldorine prc.sent as 
chloride. The following is an example of such a statement : — 


Total solids, dried at too* C. 
Chlorine .... 
Nitrogen as nitrate , 
Aminonim .... 
Albaininoid ainmonU . 
“Oxygen consumid " in 4 hwiir* 


P:j 15 per 100,000, 

. 2S.73 
. j. ;o 
. 0.03 

, 0,001 

• 0.004 

. O.Ol 


The solids were made up a^ h!i-U i ; — 

Potash 

Soda 

Uagnesia ..... 
Lime ...... 

Ferric oxido 

Silica ...... 

Sulphtiric oxide .... 

Nitrogen pentoxidc 

Carbon dioxide .... 

Chlorine 

TolatUe and organic matter . . 


1 \t I tif the Wuer. 

. . O.3S 

. , 2.01 

. . 1.44 

• . 10.55 

, . 0,01 

. . o. 30 

, 3.09 

. . O. I I 

. . .V3S 

* , 1.70 

. . 0.06 


Leaa oxygen equimlcnt to chlorine found 


2S.S4 


For the prepAration of distilled water, the ap[,ianktii5 shown in 
fig- 64 is convenient for Ul)omtory 
It ooDsiste of A copfvr retort 
heated by a ring gAS-bumer, and con* 
bected with a worm-condenser. 

PBAQTICAL EXERCISE. 

A mineral, on snalyaia, gave the following 
tesQlU Water, 44.94 per cent ; sulphuric 
™e, a&ya pet cent ; ferrous Iron, 13.92 
osM. j imnio Iron, o 35 per cent. ; 

6.1 pAT oent The mineral was 

•olttWe la wa^, sad showed nothing else on testing. How would you 
ths aaslyi^ 1 Odculste the formula (or the salt 
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THK HArXKJENS. 

There is & group of doeely allied elements to wbioh the name 
halogen (salt-producer) has been given. It comprises chlorine, 
brmntne, iodme» and fluorine. Those elements combine directly 
with metals, forming as many 8erit*s of salts (chlorides, bromides, 
iodides, and fluorides), wrn's^K)uding to the respective oxides, but 
differing in their foiiuuhe by having two atoms of the lialogen in 
the place of one atom of oxygen. For example, ferrous oxide it 
FeO and ferrous chloride is FeCl,, and, again, ferric oxide is 
Fe.Oj, whilst ferric chloride is Fe^CI,. These salts differ from the 
car(x>nates, uitmtes, vVc., in containing no oxygen. CoDse(|uently, 
it is incorrect to sjieiLk of such comjxmnds as chloride of potash, 
fluoride of lime, Ac., since jHjUish and lime an? oxides. It is im- 
portant to licjir this in mind in rt^|n)rtiiig aimlyses in which deter- 
minations have U'cn made, say, uf i-]»lorine, magnesia, and potash, 
or of fluorine, silica, and alumina. It is toxvasary in all suci» 
cases to disluct fnun the total an amount of oxygen etjuivalent to 
the halogen found, exivpt, nf course, win'ce the liaso has l)een de- 
termined and reconleii as metal. Com|MHind.s cxtiUaining oxidca 
and fluorides, Ac., do not leisd theniselvivs to the methcul of deter- 
mining the halogen by ditrereiu*e. For example, topaz, which, 
according to Ihina, has the formula Al^iU,F^ would yield in 
the ordinary course of analysis — 

Ahtmina 55-47# 

SiUea * . . P-6 

Fluorine «••••,.. jo.6 

toS.6 

The oxygen equi\%atent to 20.6 per cent, fluorine' may be 
found hv multiplying tiie per^s^ntago of fluorine hy 0,421 ; it is 
8.7 per c*uit., and be dixlucted. Theaiudysia would then be 
reported thtw:— 


Alumioa • • • • • 

Silica 

Fluoiiiw • . . . • 

. • . 5547 . 

. • * 32.6 

• • . 20.6 

oxygen eqaivalent to flooHae 

I0it6 

» • • 8.7 


99-9 


Taka li an Qtai^mtaon the following actual analysta by P. W. 
Clarke ani J, S« Differ 
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Alwfnlfia 

BiUcft . 
Fluorine 
Potaeb . 
Sod* . 
Water . 


57 . 38 */, 

31-92 

16.99 

ai5 

*•33 

0.20 


107.97 

Deduct oz7geD equivalent , , • , ,7.16 

!00.$I 


In oalculating the factor for the “oxygen equivalent/’ divide 
the weight of one atom of oxygen (16) by the weight of two 
iitoma of the halogen ; for exainjjje, with chlorine it would be 
IJ or 0.2253; with bromine, o*" 01000; with iodine, 

•r 0.063; and with fluorine, or 0.421. 


CHLORINE AND CHLORIDES. 

Chlorine occurs in nature cbietly (v^mbined with sodium, as 
halite or rtjck siilt (NuCl). With [RUa.ssium it forms sylvine 
( K Cl }, a nd , t ogi • 1 1 1 e r w i t h in ag j i u n 1 , ca r nal J i t e ( K Cl , M gCI 6 H jO). 
Of the metallifenuus miiu*iiil.s cxuilaining chlorine, kerargyrite, 
or horn silver (AgC'l), ami atacainite, an oxychloride of copper 
(CuCl,.3Cu(IlO),.j aix* tlie most iiuj>ortant. Apatite (phosphate 
of lime) and pyromorphite {phoe^pbate of lead) contain a consider- 
able amount of it. Chlorine is a gfus of a greenish colour, possess- 
ing a chameterintic odour, and rntwlerately soluble in water. It 
does not occur n.ativc, and is gene rally prepared by the action of 
an oxidising ag«'nt on hydrochloric acid. It combines directly 
with meUiis at the oniinary tentper-ature (even with platinum 
and gold), forming chlorides, which (except in the case of silver) 
are soluble. 

It is important in metallurgy*, Unsiuseof tbe extensive use of it 
In extracting gold by “cbloridising” processes. It is also used 
in reflning gold. 

Botaction. — Coin|K)und.s containing the oxides of chlorine are 
bot found in nature, liecause of tbe ivadincss with which they lose 
oxygen. By re<lurtion they yiidd a chloritio ; the form in which 
chlorine U met with in mincmls. In testing, the compound sup 
posed to contain a chloride i.s boile«l w ith w*ater, or, in some coses, 
dilute nitdc acid. To the char solution containing nitric acid a 
few of nitrate of fdlver solution are added. If, on shaking, 
a white curdy precipitate, soluble in ammonia, separates out, it is 
lufficiently ituwactory evidonoe of tbe presence of chloridee. 
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Solution and 8eparation.--The chlorides are generally 
soluble in water, and are got into solution by extracdng with 
warm dilute nitric acid. Or, if insoluble, the substance is fused 
with carbonate of sotia, extracted with water, and the filtrate 
acidified with nitric acid. For the determination, it is not neces- 
sary to obtain the solution of the chloride free from other acids or 
metals. If tin. antimony, menurv, or pUtiimm ta present, it is 
best to separate by means of sulphuretted hydixjgen. The chloride 
is determined in the si>lution after removal of the excess of the 
gas. Where tnu'os of chlorides are being ltx>ked for, a blank ex- 
periment is made to deteruune the quantity inti-uduoed with the 
reagents. One hundn^i c.o. of onliiuirv water I'ontaina from 
1 to 3 milligi-ams of chlorine. On the addition of nitrate of 
silver to the nitric add solution, chloride of silver sepanttvs out. 
This Ls free from other suUtances, exctqd, pTliaps, biomide and 
iodide. 


GBAVIMETHIC DETERMINATION. 

Freely mix the solution containing the chloride w ith dilute nitric 
acid, filter ^if and tn‘at with nitrate of silver. Heat 

nearly to boiling, and, when the piedpitaie Iuls settled, filter, and 
wash with hot divtiiWil water. Ifi y, and iratisft r to a weighed 
Bt rliu erucilde. llnrn the filter* pip r se]i.arately, and convert any 
mlueeii silver into ehhmde by alternate treatment with drojw 
of nitric and of by<lr«’chloric add. .•\dd the main jKjrtion to 
this, ;ind heat cautiously till the e<lges of the ma.’-s show' signs nf 
fusiivg (about j6o*). (.Vxd in the dcsimit^if and weigh. The 
sub-tance is chloride of silver (AgCl), and ©uikdn.s 34.73 
cent, of ehlorine. 

Tlio precipitates! chloride Ls filtertsl and wtLsiufd iw fuxm as pus- 
rible ftfUr s* ttUng, sine® on ex|K>sure to light it bccomaa purpje, 
and }t>es a small amoimt of chlorine. 

VOLUMETRIC METHOD. 

There are sererul volumetric methoda ; but that baaed on the 
jjirecipiution of silver chloride in neutral aolution, by meana of a 
standard ardulioo of silver tiilraie (using potassium chromate 
indicator), is preferred. Silver chromate U a red-coloured t^dt; 
and, when silver nitrate is added to a sotution containing both 
^doride and chromate, the dtrvelopment of the red ctdour mark.i 
off diarpl^ the point at which the chloride is used tip. Silver 
chroOMita ut decomposed and conse<|uently decolorised by soUilioD 
«l any c^nde. The aolnticm for this method must be neutral, 
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ginoe fr66 god prevents the formtion of the red silver chromate. 
If not already neutral, it w neutralised by titrating cautiously 
with a solution of soiU. Xu a neutra.! solution, other substances 
(such as phospliutcs and arsenates) also yield a precipitate with 
a solution of nitrate of silver ; and mil count as chloride if they 
are not removed. 

The ^itandard Solution of X Unite of Sihir is made by Sis- 
V)lving 23.94 gnims of tlic sjtlt (AgNX),) in dLstillod water, and 
diluting to I litre ; 100 c.(-. are etpial to 0.5 gram of chlorine. 

The indicntar is nruie bv adding silver nitrate to a strong 
neutral solution of yellow cliromato of f>otash (KjCrOj, till a 
permanent reti precifdtjite is former!. 'J'he solution is allowed to 
si'ttle, and the clear li«juiil decante<l into a stopperad bottle 
lal)eIleJ *Xhromate indimtor for cldorine." 

BtiinJaniise the silver nitrate hy weighing up 0.5 gram of pure 
swUmn chloride (or j»otassium chloride). Transfer to a flask and 
d»W)lve in distilled water; dilute to roo c.c. hill an ordinary 
burette with the stoudard silver solution, and (after adju.sting) 
run into the flask a quantity susiicient to throw' down the greiiter 
part of the chlorine. Add a few drops of tlie chromate indicator 
and continue the addition of the silver nitrate until the yellow 
colour of tlio solution Uvom«'S jHuuiia neatly tinted red, after 
shaking. This shows that the chloriiu* is jvll precipitated, and 
that the chromate is iH'ginniiig to come down. The further 
addition of a couple of <lrops of the .sih er solution will cause a 
marke*! ditfeivnce in the tint. Xie^ul oil' the (piantitv run in. and 
calculate the standanl. One grain of sodium chloride contains 
0.6062 gram of chlorine; and i gram of potassium cliloride con- 
tains 0.4754 gram. 

For tile iiet<‘rmination of small (juantities of chloride (a few 
mniigrams), the same method Is u.sei! ; hut the standard solution 
U dilutee! so that <^ich c.c. is wjual to t milligram of chlorine ; 
snd ^he chromate indirator is added Ix^fore titrating. The 
standard solution is nuiile hy mea.su ring otf 200 c.c. of the solu- 
tion described above, and diluting wnth distilled water to i litre. 


BROMINE AND BROMIDES, 

Bromine dosoly resembles chlorine in the nature of ita com- 
pounda. It doe« not occur free in nature, but is occasionally 
found in combination with silver aa broinargyrite (AgBr) ^d, 
together with chloride, in emlKilite. It mainly occurs aa alkaline 
hromidee in certain natural wjiters. Nearly all the bromine of 
oemuoaerve is denvett frmn the mother liquors of salt-works «.e.| 
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Um Ufuon Ittm wliioh the common nit hu been cryitalhied oot 
Bromme combi&ee directly with the metels, forming e leriee of 
alts^the bromidoft. In ordinal^ vtark they are separated with, 
and (except when specially tested for) counted as, cbloridea. 
They are detected by adding chlorine water to the suspected 
solution and shaking up with carbon bisulphide^ Brominr 
ookmia the latter brown. 

IODINE AND IODIDES. 

Iodine does not occur in nature in the free state; and iodides 
are rare, iodargyrite or uxlide of silver (Agl) being the only 
cm© which ranks aa a mineral speciea. lodaU's are found 
with Chili sadtpetre, which U an im|M>rtunt source of the element. 

Iodine and Iodides are largely in the klwmtory, and have 
already been fre*|ueiUly referretl to. It U u^ied as an oxidising 
agent in a similar inannor as {M?rtnanganate and bichminate of 
p^ash, especially in the determinations of cop|K?r, arsenu-, auti- 
mony, ana manganese. 

iodine is not rt>*idily soluble in water ; but dissolves tnisiiy in 
a coDcetitruted solution of potassium io*luh\ Its solutions an* 
Strongly coloured ; a dn>p of a dilute solution oolotirs a large 
rolumeof water decide^lly yellow ; on the addition of Ktarrh piste, 
this becomea blue. The delicacy of this reaction U taken ad van 
tage of in titrations to determine when frt^ ioiiino U present. 
The blue colour may lie altenmtely developed and remove<l by 
the addition of iodine (or an oxidising agent ) and hyjiosulphite td 
soda (or some other re*lucing agent). In decolorising, the wdutinn 
changes from blue or bUck to colourless or pale yellow mTordmg 
to cdrcumstances. Sometimes the aoliilion, in.steud of remninin;: 
eolourleeis gradually develops a blue which recurs in spite of the 
further addition of the reducing agent. In these cases the 
eonditiona of the assay have been departed from, or (and this is 
more often the case) there Lh some sulistaace present capaldc of 
liberating iodine. 

Iodine forms a series of HUto--tbe iodides — re^wmbling in many 
mpects the chlorides. These can bo obtained by direct com- 
bination of the metals ^tb iodine. 

X>«(ectIoii.'>«Free iodine U recr^lsetl by the violet vapours 
•ndved from the solution on h(«Ung, and by the blue or niack 
eolofir which it itrikes on the addition of slarrb paste. Iodide^ 
wn detected boiling with strong solutions of ferrio sulphate or 
eblofide. Iodine is liberated, dUtiUed over, and ooltocied 
Chloiiiie also Hbermtee io^e fnmi iodides ; and this reocUon ^ 
fnaitMOtly lu^ ttM cl b aaiaying. A proceM based od this is 
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deteribed under Uanganm, All substances which liberate chlorine 
on boiling with hydrochloric acid (dioxides, bichromates, per 
manganates, Ac.) are detennincd in a similar way. 

Solution and Soparationt — Most iodides are soluble in * 
or dilute acids. The separation is effected by distilling the 
stance with solution of ferric sulphate, and collecting the vapour 
in a dilute solution of sulphurous acid or arsenite of soda. On tne 
completion of the distillation, the iodine will be in the distillate as 
iodide i and the gravimetric determination is made on this. 

GRAVIHETBIG BETEBMIITATION. 

To the solution containing the iodine, a« iodide, and which u 
frf-e from chlorides (and bromides), add a little dilute nitric acid 
and nitrate of silver till no further precipitate is produced. Illter 
off, wash with hot water, and drv'. Clc-an the filter-paper as much 
as po^sihle, and bum it. th(‘ ash in a weighed porcelain 

crtieible, add the main portion, and In at to incipient fusion; cool, 
and weigh. Tlie sulistance is silver iodide, and contains 54.03 per 
cent, of iodine. 


VOLUMETRIC METHOD. 

This is for the titratirm of free icKline, and is practically that 
which is dt*s4‘ri I hhI under MawjftnrM, The substance to be deter- 
mined is distilled wit It ferric sulphate, anti tlie iotline is collected 
in a solution of {wtJLssium itxlide, in v. liich it readily dissolves. If 
fliiky crystals septinite out in the receiver, more potassium iodide 
crystals are addecl. When the distillation is finished, the receiver 
is disconnected, and its contents washed out into a beaker and 
tit rated with “ hypo.” The standard solution of “ hypo ” is made 
by dissolving 19 58 grams of hyptisulphite of soda(Na,S,0,.5H,0) 
in wnti^r and diluting to t litm; 100 c,c. ore equal to i gram of 
wline. To standardise the solution, weigh up 0.25 gram of pure 
iodine in a small licoker. Add 2 or 3 crrstjils of potassium iodide ; 
rover with water; and. when dissolved, dilute to 50 or 100 c.c. 
Titrate, and CsdcuLite ihv standanl. 


FI^ORIKK AXD FLUORIDES. 

Fluorine in frequently met wdth as calcium fluoride or floor-epM 
(CaF,). It ooetin l«e abundantly as cirolite (Na^AlF^), a fiucaide 
of alumiuiuai and eodiuiOi which is used in glass-making. Certain 
ranr flotwidee are oooaiucmaUy net with Fluorine is also 
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Hjdroflttark md k md for olehiiif gbM and opining up 
alkatri. It Attacks tilki, farmmg 1iwM» (d idton (HiF) 
which is voktiW, Silica is by this moam olitaiuUd from oth*er 
(oidm, whit h, in ih» prw»nw of sulphuric acid, ara 
eomm^ltiai adj li wmk ; ^4 the ari.j 

iW'if is (isn^^cnms/y olmoxim!<. Tiic twc of mmomum fluoride 
(or 80 (hum fiuoride) and a Tuinctul i\oul U more coiweuiont. Deter- 
minatious of this kind aro made in platiiuim dwbes enclosed in 
lend or copper vessels in a weil-ventilatevl place. Fluor-spar is 
useful as a flux in dry assiiying ; it rendere slogs, which would 
othenvise be pasty, quite fluid. Fluorides generally are fusible, 
and impart fusibility to substance with which they form weak 
compounds. Their fluxing action does not depend on the removal 
of silicon na fluoride. 

Detection. — Fluoridt>s iu small quantity are esisily overlooked 
unltiss specially sought for. In larger amounts they are recog- 
nised by the pro|^rty hydroflu one aciii luw of etelung glass. A 
watch-glass is warmed, and u layer of wax is meltcil over the 
convex side. When cold, mm& lines are engraves! on the w.axerl 
surface with any sliarj)- pointed iastrument, The sul^tiinco to be 
tested is powdere*! ; and moisteueil, in a jdutinum di.s|j, with sul- 
phuric acid. The watch-glass is filled with cold water and sup- 
ported over the dish. The dish is then larefully warmed, but not 
sufficiently to melt the wax. After a minute or two, the glass Is 
taken otT, and the wax removed. If the sub>tana! contained 
fluorine, the chareeters will be found ^¥„*nnanonlly ctchod on the 
giaas. An equally good, but more repid, test is to mix the 
powdered substance with some silica, and to heat the mixture in 
a test tube with sulphuric acid. Silicon fluoride is evolved, and, 
if a moistened glass rod is held in the tuW, it becomes cottted with 
a white deposit of silica, formed by the decomposition of the 
silicon fluoride by the water. This is also used as a test for 
silica; but in this case the substance is mixed with a fluoride, 
and the experiment must obviously be carriiHl out in a platinmu 
vemel. 

Separation and Determination. — The determination of 
fluorine is difficult. In the case of fluorides fnx^ from silicates 
(sud> as flttor-spar), it U determined indirectly by decomposing a 
weighed portion with sulphuric acid, evapor^ng, igniting, and 
weighing the residual sulphate. The mcreaie in weight multiplied 
hf o.6tt {rives the wright of fluorine. 

In tie p re s ence of silica this method does not answer, because 
of the voktilisation ef rilioon fluoride. In these oases Wbhler 
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fdkwiM wbldi reiembleR that for tlie indirect 
detenoinstkm of mma Mix the weighed substance in 

a small fiaek wllh powd^ silica end sulphuric acid. The mouth 
of the il«k i» (Aomd wiOi a coHc carrying a tube which is filkd, 
the ball with o^dum chloride and the second half with 
pumice coated with dried copper sulphite. The apparatus i« 
weighed quickly, and Uien warmed till d©c^)ropo^ition is complete. 

A current of dry air is anpimtd (or a minute or two; and the 
apparatuft agtdn weighed. The \om in weight gives that of the 
silicon fluoride (SiF.), which, multiplied by 0.7307, gives the 
weight of fluorine. 

Fresenius uses the same reaction ; but collects and weighs the 
silicon fluoride. The finely powdered and driwl substance is mix^ 
with ten or fifteen times its weight of ignited and powdered silica. 
The routun» is introduced into a small dry flask connected on one 
tqde with a serii‘8 of drying-tube-s, and on the other with an empty 
tulx) (to condense* any sulphuric acid). To this last is joined a 
drjdng'tube wntaining chloride of calcium and anhydrous copper 
sulphate. This is dirc*ctly connected w ith a series of three weighed 
tul)e« in which the fluoride of silicon is collected- The last of 
these is joined to another diying-tube. The first weighed tube 
contains pumici* and cotton wo(j 1, moistened with water; the 
seixjnd tube contains Kxla-lime as w*ell as (in the upper half of the 
second limh) fused calcium chloride between plugs of wool ; the 
third tula* i.s filled half with soda- lime and liaU with fused calcium 
chloride. The di.stilling-fljisk conUMiiing the substance mixed with 
silica is charged with 40 or 50 c,c. of sulphuric acid, and placed 
on the hot plate. Alongside it i.s placed a similar dry flask con- 
taining a thermometer, and tlie tem|K^niture in this is kept at 
1 50* or 160" C. A current of air i.< Ruit through the tubes during 
the operation, which takes from one to three hours for from 
0.1 to I gram of the sul>stance. A correction is made by deducting 
0.001 gram for every hour the driini air has been pas.sed through. 
The increase* in weight of the three tubes gives the weight of the 
alicon fluoride. 

Fenfieid um's a similar arrangement, but passes his silicon 
fluoride into an a](*f)holic solution of pota.'^sium chloride. Silica 
and potaariuDi silico-fiur)ride .are precipitated, and hydrochloric 
acid » set free,* The acid tlnw lilierjit^ is titraknl, with a stan- 
dard solution of alkali, in the alc'oholic solution, and from the 
amount of free acid found the fluorine is calcul.at^^. The weight 
of hydrochloric add (Ht’l) found, multiplied by 1.562, gives the 
the fluorine. With this method of working, fewer U-tubee 


• 3SUr« -f 4KCI aU,0 - 4 SiO, + 4HCI 
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•re required. The exit tube from the flask is bent so aa to 
form a small V, which is kept cool in water ; this is directlj con- 
nected with the U’tube containmg the alooholio solution of potas- 
sium chloride. The flask with the assay is heated for about two 
hours, and a current of dry air is aspirated throughout the deters- 
mination. Fluoride of silicon is a gas not easily ronden<ei to a 
liquid : but is immediately decom^u^ by water or moist air. 



' 3''7 ! 


CHAPTER XVI. 

emiPHim awd sulphates. 

^t LrnCR occurs imtivo in volcfinic diistncts, and is mined in Sicily, 

I jily, and California in consi<iera!>le quantities. Combined with 
Metals (sulphides), it is common in all mineral districts. Iron 
pvrites (FeS,) is the most abundant source of this element. 
S^ilphates, such a.s gypsum, are fairly common, but have no value 
HO far as the sulphur in them is concernetl. In coal it exists as 
an impurity, occurring pjirtly as a constituent of organic com- 
pounds. 

Sulphur, whether free or comlnned with metals, forms, on burn- 
ing, sulphurous oxide (SO,), which by the action of oxidising agents 
and water is convertc*d into sulphuric acid. It forms two oxides, 
sulphurous (So,) and sulphuric (SO,), which combine with bases 
to form sulphites and 8u!phaU*«, Sulphites are of little importance 
to the assay IT, and are converted into siil|ih-ates by the action of 
nitric arid and other oxidising agents. 

The native sulphidt^s, wdien acted on with hydrochloric acid, givs 
off sulphuretted iiydrcgtm ; with nitric acid or aqua regia, sulphatea 
are formal, and more or less sulphur separated. 

Sulphur is detected in su]phid<^ by the irritating odour of 
sulphurous oxide given ofl* on roasting, by the evolution of sulphu- 
ndted hydrogen when treate<i with hydrochloric arid, or by a 
white precipitate of barium .sulphate formed when barium chloride 
is addm to the aqua regia solution. 

Dry Ajaay, — There is no method of gimeml application. Free 
or native sulphur may \yo volatili.scsl, condensed, and weighed, but 
pjrites only giviw up a jicrlion of its sulpliur when heated in a 
closed vessel, while most sulphides, and all 8u]phat<^, give up 
none at all. 

In the determination of sulphur in brimstone, lo grams of the 
suhstanoe aro taken, placed in a small porcelain dish, heated over 
a Bunsen Immer in a well-ventilated place, and ignited. When 
the sul|diiir baa been completely burnt off, the residue (which 
®OD*ists chiefij of sand) is collected and weighed. In a separate 
potion the moieture and arsentG are d^ermined ; the amounti ol 
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Uieae m deducted from the loes in the first exp^e&t. The 
difference, multiplied by 10, gives the percentage of taipbur. 

WST KETHOD 8 . 

Solution,— An sulphates, excepting those of lead, barium, 
strontium, and lime, are soluble in water or dilute acid. All 
sulphides, except cinnabar, are converted into sulphates by tl)e 
action of nitric arid at a gentle heat ; or, blotter, by the action of 
a mixture of three volumes of nitric acid and one volume of 
hydrochloric arid. Tills last attacks cinnabar os well. With most 
substaneee it is difficult to convert the whole of the sulphur into 
sulphuric arid. 'Hio sulphur sejjKimtes out at tintt as a dark 
spongy mass, which (on continuoil tn^itment) changes to light- 
enured flakes. When the ik>l«tion l»econu*s concentrated and 
the temperature rial's sufficiently, the ‘.iilphur fuses into one or 
more honey-coloured globu’- s which, owing to the small surface 
thev oppose to tho a<nd. are very slowly oxidised. It is not 
durable to asi^tst the formation of those globules; therefore, tli« 
temperature is kept as low as p^)?^ible, ami strong nitric acid b 
used. When such globules form, it is Is'st to allow the solution 
cod, when the glulmh's will solidify. They can then bo 
off and picked out from tho im<cduble residue, dritd, weigluii, 
ignited, and again weighed, the hiss Udng oounteil as sulphur. 
With iron pyrites this iliffunilty sidd«m occurs. 

Metallic sulphides when fus*'d with an excess of nitre are com- 
pletely axidMe<l. If the ore is rich in sulphur, romo inert Udy 
(such as sodium chloride, or, bw^tter, sodium carbonate) is addisl to 
dilute the action. With pun^ sulphur, the action It so energ»jU«' 
as to cause an explos«ion, so tlmt care shotdd lie taken. With 
burnt ores (int'ompletely calcine*! pyrites), then* ts sufficient oxide 
of iron present to pre^'ent too rapid action. 

Tbttie fusion.^ with nitre ore liest cmiducUnl in a platinum dbh 
covered with a piece of platinum foil. The on* is ground with the 
nitre to ensure complete mixing. Tlie heat nee<i not bo excessive, 
so that a single lJunsen burner placed beneath tho^ dUh will 
if tbeboiii>m of the dish is seen to l^e red»bat^ it i* suiti- 
ifliMit, On cooling and extracting with water, the sulphur adl! 
nuM into solution as pntiuisium sulphat**, which is then altered ort 
from the insoluble oxides of iron, copper, Ac. The filtrate, aft^ 
having been treated with a large oxi'css of bydrochloric sM 
«vaf)oniUd to drynew, and ro^iwrived In witw, is wady for the 
dcAerminaiioo. 

Tj td sulphate may be dissolved by boiling with ammomua 
T^ itUMdubls sulphatw cd barium, tirontiunif and 
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tre decompowd by fujsing with 4 or 5 times their weight of “ fusion 
mixture," The uiknline sulphates are then dissolved out with 
water, and filtert-d off from the insoluble residue. The filtrate is 
rendered acid with hydrochloric acid. 

Beparatloii.— The dotennimition of the sulphuric acid in these 
solutions by precipitation with barium chloride also serves as a 
reparation ; but in hot acid solutions containing copper, and more 
es[)ecially iron -salts, the Uric sulphate has a strong tendency to 
carry dow'n amounts of those bodias, varying, no doubt, with the 
conditions of the precipitation. Boiling hydrocldoric acid fails to 
completely extract them. Moreover, the use of hot concentrated 
hydrochloric acid catises a loss by dh^solving barium sulphate. 
Nitric add and nitrrttes must be decomposed by' prolonged boiling 
and oTOporation with hydrochloric acid. The iron may be removed 
by adding a slight cjeccss of ammonia to the faintly acid solution, 
filtering off, and wrtshing the precipitated ferric hydrate with hot 
water. By slightly iicidulating the filtrate with hydrochloric 
acid, it will bo rendered randy for the determination, 

OBAVIMETBIC METHOD. 

This assay is (mf* of thtjse which strikingly shows the necessity 
of getting the as.s;iy s^Ouficn under |>rot>»*r conditions, in order to 
obtain Kitnifiu torv r*>n)ts. The inerbcKi h.is l)een I'cpc'.itedly in* 
vt'stigatwi, and the cfinchision arrives! at, “that it tan be (X)rreci 
only by acciib-nt." Yet there jire many chemists who get good 
rirsults, and place considenilile faith in its accuracy. This can 
onlv l)c^ duo to dtirercnct-s in the miiimer of working. It is gene- 
rally understood tluit idfric acid or nitrrvtes must be absent; and 
our expt'rienw fully confirms this, Pnx ipitations in nitrate solu- 
tions are w'orthb'ss, as the following eip riments slmw. In each 
experimei^t the hulk of the fwlution was 150 c.c. The solutions 
contained 10 grains of nitre, were freely acid with hydrochloric 
arid, and were pixwipitnted (while boiling) with slight excess of 
baric chloride. 

Salphttric add taken , aojogrira 0.050 gram 0.100 gram 

„ bnmd , 0.019 0.047 0-09S „ 

* taken . 0.500 .. 1004 „ r ooo „ 

^ found . o,sa6 * mj6 „ i.tifi „ 

AD the were Ixnled with hydroc-hloric arid, and 

thoroughly washed before wrighing. The results of some other 
ftxperinwiiU on th» wibjert are given under sulphur ** in the 
examina^on of commerce copper," page 207. 

^e sotnUoa hadiog been obUuned uee from niir^ee and 
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rates contauuug but little free hydrochloric arid), is largely 
diluted, heated to boiling, and precipitated with a moderate excess 
of a solution of chloride of b^um (8 parts of the crystallized 
barium cbloride are sulhcient for i of sulphur). It is allowed to 
settle for half-an-hour, and then decanted through a filter. The 
precipitate is shaken up with boiling water, rendered slightly acid, 
tlltemi, wj^shed, dried, ignittHi, and weighed. The ignited pre- 
cipitate, when pure, is white, and is not decomposed at a red heat ; 
it is barium sulphate (lia>>0^), and conUuns 13.73 
phur, or 34.33 j>er cent, of sulphuric oxide (SO,). 

Botermination of Sulphur in Pyrites. — Weigh up half a 
grum of the dried and powdered sample, and treat with 10 c.c. of 
u mixture of 3 volumes of nitric acid and i volume of hydrochloric 
acid, o<xasionally heating. Evaporsite to dryness, tmit with 5 c,c. 
of hydrochloric acid, and again evaporate ; take up with 1 c.c. of 
hydrochloric acid and 100 c.c. of hot water, filter through a small 
tilter, and wash. The residue may contmn sulphates of lead, 
itarium, or lime ; it must l)o separately examinetl, if the total sul- 
phur w wanted. The filtrate is hcat^xl, and rendered slightly 
alkaline with ammonia. Filter otf the precipitated ferric hydrate 
through a c|uick tilter, and with hot wat»^r. If nm-ssaiy*, 
evaporate the bulk to al>t>ul aoo c.c., render faintly acid with 
hydrochloric acid, and add jo c.c. of solution of barium chloride ; 
allow to stand for half-an-hour, and decant through a filter. 
Wash with hot water, dry, ignite, and weigh. Pure pyrites con* 
tains 53.33 per cent, of sui[>hur. 

VOI.TrMBTBIO METHOD. 

This is based upon the easy conversion of oil sulphur compounds 
into sulphates by furion with nitre or by nxi^hiiion with nitric 
scifl ; and on the determination of tho sulphate formed by titra- 
tiuii in an acetir acid solution with baric chloride.* The finwhing 
point is determincfl by filtering ofiT portions of the assay solution, 
and testing with sulphuric ^id. A slight excess of baric oblorids 
will cause a precipitate. 

The process may be divided intch— (i) tbs preparation of the 
solutioD, and (2) the titration. 

Preptomtioa of the Solution.— Weigh up from 1 to 5 granui 
of tbs dried and powdered substance, and mix intimatsly with 
4 gnuns of powdered nitre ; clean out tbs mortar with anoth^ 
grain of nitre, and add this as a cover. Heat in a olatinum 
srndbls lor fiftssn minntss at a low tempmators; ooU, and ex 

• Bad, 4 HajSO, « BiSO« * sSsa 
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tract with water in an evapomting-disli about 9 inches across, and 
holding 700 or Soo c,c. Add 10 grams of sodium acetate and 
10 C.C. of acetic acid, and dilute to half a litre. Boil. The solu- 
tion is ready for titrating. Subst'jnces which lose sulphur or. 
i.eating (such as pyrites) are thus treated : — Weigh up i gran., 
and evaporate nearly to drj ness with 10 c.c. each of nitric and 
Itydrochloric acids. Take up with 10 c.c. of hydrochloric acid, and 
again boil down to a small bulk ; dilute and transfer to a 9-inch 
evapomting'dish ; add 10 grams of sotlium acetate and 5 c.c. of 
acetic acid, dilute to lialf a litre, and boil. Tije solution is ready 
for titrating. Sulphates may be dis-solvcKi up in the dish itself 
with the help of a c.c. or so of hydrochloric acid ; sodium acetate 
and acetic acid are then atlded ; and, after dilution and boiling, 
the solutions are at once titrated. 

The solution befom titration must contain no free mineral add, 
but 5 or 10 c.c. of acH'tic acid siiouUl Ikj present. It must contain 
id grams of sodium acerate, or suilicient to convert any free 
mineral acid into its coiTcspondiug sodic .szilt ; or, if chlorides, 
nitrates or sulpliate,s of tJjc ne tuls an? j>n‘sent, sufficient to de- 
compos© them. If a pmipitaliou fKxurs. a.s is the case with 
ferric suits. A-c., the h/dution i.s titi-itt-d witli the precipitate in it. 

ThO Titration. — Tftc of barium chh/ride 

is made by disjadving 7f)-25 gr.oijs of the m>t5dU7-ed salt 
(BaCl^ 211,0) in di-stilbn] water, .ind diluting to i litre. 100 c.c, 
will e»|ual l gram of stilphur, A.s indicator, ti.sc dilute sulphuric 
acid. The strength of the solution Hiity Ik? chwked by the titra- 
tion of 5 grain.s of femats .sulphate (nxidizeni with p»Tm;mganate 
of potoium or a few firop'^ of nitric add), whwb sljouid re<juire 
57.5 C.C. of the Uirium cld<<riih' solution; or any pure sulphate 
of known ttJm[xisition can V>e ; auk^ikoits .-^ts should be 
preferred. 

Fill an ordinary too c.c. btirette with the st^lution of barium 
chloride. The erajioniting <li>h containingllje assay solution is 
placed OD e round btiruer (aa show'n in and the solution 


JuO t.m 


Fio. 65. 

kept iteadDy boiling. An ordinary Bunsen-bnrner flame will 
cauae bttinpingi extd abould not be used. Run in tbe standard 
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solution in quantity known to be insufficient ; then withdraw % 
portion of a^ut 2 c.e., with a pipette, and filter through a fine 
filter-paper into a to^ tube. Run in another 0,5 c,c. of the 
Btandiird solution, and withdraw and filter into a test tube 
another portion of 2 c.c.; and continue this operation until half-iv 
dozen or moi-e jxjrtions liave been drawn off. The test tubes 
should be arranged in order in a stand resting on a piece of paper, 
so that «jcb tost tube representing 0,5 c.a of the standard boric 
chloride may have its value recorded beneath it (fig. 66). Add to 



eoch test tub© 3 dri>|)s of dilute sulpburic acid ; tlmt which showji 
the first apjx^rance of a precipitate marks the point at which the 
titration is complete. Supi>os€*, for example, that the t4>st tube 
marked 48.5 c.c. shows no precipitate, while that at 49.0 c.c. 
shows one, it is evident that the finishing p<jint lies U‘tw»^ n these 
readings. With a little practice, one can judge fi't>m the apj>ejir- 
ance of the precipitate in the 49 c.c, tulie, whetluT ^ c,c. should 
be deducted or not. 

It is better to add dilute milphuric acitl, and to watch for the 
appearance of a precipitate in the test tulie, than to a^ld Ixiric 
chloride and to look for ita non-appe:inince ; Iw^sidos, baric clilo 
ride is much less likely to be present in a test tube as impurity 
than Rulphatee are. In this way the chance of error from what 
are tenne«l atsridental cauaee” is diminishe<l. 

The following ezperimenU ahow the effect of variation in the 
conditions of titration 

Make a standard stdutian of sttlphuric acid by dQuting 43 
grams of sulphuric acid (sp. g. 1.6165) ^ * litre: too (:.c. will 
contain t gram of sulphur. An equivalent solution may 1 >^ 
made by dissolving 100.62 grams of sodium sulphate 
(Na, 80 ^.ioH, 0 ), or 86.88 grams of feirotw sulphate (FeSO^ 711,0), 
in water (oaddu^ the latter), and diluting to i litre. 

The Of^er in which these experiments are given is that in 
which they were made in an investigation tntp the oonditioni? 
tinder which the titration could most accurately be effected. 

Sflket of Hydrodilorio end Hitrio Adde*— The titmtioa^ 
wwe pwfonned is the manner already described, bat eodk 
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tat« and acetic add were abaent^ Twenty of the etandajrd 
solution of sulphuric acid were used* 

HTdrocbloric acid present o.oc.c. 1.0C.C. 2.0 c.c. snc.c, 

•* Baric chloride “ reqoircd 20.0 „ 20.0 „ 19.7 „ 12.5 „ 

Kitric acid present , . 0.0 c.c. i.o c.c. 2,0 c.c. 5.0 c.c, 

• " Baric chloride ^ required 20.0 „ ig.5 „ 18.0 „ lo.o „ 

These show clearly the interference of free mineral acids^ 
although very dilute hydrochloric acid (i c.c. in 500 of water) 
has no effect. 

Sffbot of Acetic and Citric Acids.— A Hmilar series of 
experiments with these acids gave the following Results: — 

Acetic acid present . , on c.c. j,o c.c, 50.0 c.c. 100.0 c.c. 

*♦ Baric chloride *’ required ao.o „ 20.0 „ 20,0 „ 20.0 „ 

Citric acid present ... 0 gram i gram 5 grama 

* Baric chloride '* required . 20.0 c.c, 20.0 c.c. 20.0 c.c. 


Theso acids do not interfere. 

Sffisot of Sodic Acetate and Acetic Acid. — In each of 
these experiments 5 c.c. of acetic acid was present. 


Sodium acetate added . 0 gram i gram 10 grams 50 grams 
** Baric chloride '* required 2on c.c. 20c c-c. 20.0 c,c, 20.0 c.c. 


As sodic acetate and acetic add did not interfere, it became 
desirable to make some ex[K*riments on the Jiimhing 'poinL The 
firrt object sought for was the .‘JDjal)e.<t amount of the standard 
Utric chloride in 500 c.c. of water, rwpiited to give an indication 
when tested in the manner alre:idy dcMTibed. 


C^Hi^tlioiu S>iOtloo. 


Birif rhloride 
rt<j«ircd. 


Water onlr 0.05 c.c. 

With 10 grama of ito<lium areute and 5 c.c. of 
acetic acid ....... 0.05 „ 

The Nune with 5 gmma of nitre . . . . aio „ 

Like the laet, hut ni<li 5 gram.‘« of salt instead of 
nitre 0*10 


These show that as small an amount of baric chloride solution 
as is eqtuU to only 0.000002 gram of sulphur in the 2 c.c. of solu- 
tion tested yields a decided pn^ipitate on the addition of 3 drope- 
of sulphuric add. . 

To determine whether the «me finUmng point is obtained 
on testmg the filtered portions in the test tubes with banc 
chloride as is bbtiined on testing with sulphuric acid, a titra- 
tion was made with 20 c.c. of standard solution of sulphuric acid, 
together with the usual quantities of sodic acetate and acetic 
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acid ; and two lots of a c.t\ eath were filtered into two sets of 
test tubecs after each addition of the standard baric chloride. To 
one series 3 drops of baric chloride wdution were added, and to 
the other 3 drops of sulphuric acid. The results were — 


«Bari«C)ik>rtd«*aSS«4. 
19.5 CA, 

•9*75 » 
acxo • 
ao .25 » 
aas « 


With miuu 
Bu)(aiurit; Acid. 

Clear 

Clear 

Fini»bed 

Cloudy 

Cloudy 


With Rule 
Chloride SuInUoB. 

Cloudy 

Cloudy 

Klnbhad 

Cloar 

Clear 


The two methods of te>tinj; lli* same result. But this 
balani'« is disturbed in the prc2iinc‘0 of mucli nitre, the indica- 
tions with baric chloride l)einj; dbturbed by an oj«i!e»cence for 
fiouie c.c. l)eyond tlie hni^hing |Knnt. In solutions containing 
free hydrochloric or nitric acid, a precipitate is cbtained wieh 
either Ittric chhiride or sulphuric acid. 

Effect of Varying Sulphur.— In these and the subsequent 
«tpt‘rimenU the titrations w<*re performed in the presence of 
10 grams of scmIIc aceUite and 10 c.c. of acetic acid in the manner 
alr^dy described. 


Stan^iard nulpharlo 

acid u^ti . . 54>c.o. loocx. xxo&e. $aoe.o. 100.0 c.c. 

“ Baric chloride ” 

required . 5 0 too » too 500 looo 

Effoct of Varying Tomperaturo. - With 5 cx. of standard 
stdphuric acid litnittiiJ at 15* •*.,5 c.c. of Uiric chloride were 
required ; but with larger quantities iho rCMilUi were altogether 
umiatbfactory when titmte*! ojld. 

Effoct of Varying Bulk,— 


Balk 100.0 C.C. 200.0 0 . 0 . 50OJOC.0. lOOOOeA 

•* Boric chloridi; ’* 

re«{uired . 200 „ jao „ aoo „ i(X5 « 

Considerable variation in bulk has no effei t, but 500 <uc. is the 
most convenient volume to work with. It is well to oooastonally 
rephu’o the water Ijcdletl off during titration. 

Effect of Foreign Salta. — In all these experimenU 20 c.c. 
of ** sulphuric acid ** were used, and the titration waa performed ia 
Urn ordinary way. 

JBodic eiioruU added . o gram 5 grams 10 fgaas 
** Bark chloride * reqnired aao cjo< ao o c.a 19.7 ojo, 

Ammoitk MritU tdditd . ogram $ grama togrsmi 
** Bark ohktide " reqalred 20.0 c.e, 20.0 0.0. 19.5 OA 
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OsUe dUcridc added 

ograiu 

1 gram 

2 grama 

5 grama 

** Baric chloride ” required 

20.0 c.c. 

20,0 C.C, 

19.2 c.c. 

19.0 c.c. 

Zinc diloride added . 

0 gram 

1 gram 

3 grams 

5 grams 

** Boric chloride ” required 

20,0 C.C. 

20.0 c,c. 

20.0 c.c. 

20.0 c.c. 

^lioride added 

0 gram 

1 gram 

3 grama 

5 grams 

•* Baric chloride ’* required 

20.0 c.c. 

19.7 c.c. 

19.S c.c. 

190 c.c. 

ferric dUortde added 

0 gnun 

I gram 

3 grams 

S grams 

" Baric chloride ” required 

20.0 c.c. 

20.0 C.C. 

20.0 C.C. 

20,0 C.C. 

Cupptr cfJoride a/lde<i 

0 gram 

I gram 

3 grams 

5 grama 

** Baric chloride " retjuired 

20-0 C.C. 

20.0 C.C. 

20.0 c.c. 

20.0 c.c. 

Ibfoieic nitrate addl'd 

0 gram 

1 gram 

5 grams 

10 grama 

** Baric chloride *' required 

20.0 c.c. 

20,0 c.c. 

20.0 c.c. 

ig.o cx. 

fAauic nitrite atliled 

0 gmm 

1 gram 

5 grams 


“ Baric chloride ” required 

20 X> c.c 

20.0 c.c. 

200 C.O. 


Sodie ^hotphate added 

0 gram 

I gram 



** Banc clUoride/' required 

00.0 c.c. 

22. 5 c.c. 



Bodie areenaXt added 

0 gram 

1 gram 



“ Baric chloride " required 

20.0 c.c. 

20.5 c.c. 




In the absence of ferric salts, phosphates and arsenates count 
Bs sulphur. 

In two series of cx{>eriments for determining theetl'ect of vaiaang 
smfmiits of sulphur in the form uf ferrous sulphate, we obtained 
the following ri'^^ulu : — In the first series the assay solution was 
prepared in the unuiner we have <iescribed for PyriUi ; and in the 
wound series, by furiou with nitre. 

Sulphur added . . . 0050 pnaj 0.100 gram 0.200 gram 

*• Baric chloride ” required f I ) 5.0 c.c. 10,0 c.c. 20.0 c.c. 

« « (2) 47 M *0.0 20.0 „ 

Balphttr adde<l , . . 0 500 gram 1000 gram 

** BmIc chloride " required (i) 50.0 c.c. 100.0 c.c. 

„ „ (a) 50.0 „ 100.0 „ 

More than 5 grams of nitre* must not be u.sed in an assay ; 
md, rince the requisite amount of nitre considerably exceeds 
that sufficient to oxidise the sulphur, not more than 0.5 gram of, 
tinoxidised sulphur should be present in the portion of the 
sample weighed up for determination. When the amount of 
suipnur present U not known within reasonable Uraita, the test 
potions may be tried with a drop of biric chloride solution 
Lustesui of sulphuric acid, so that the diminishing quantity of 
precipitate luy give warning of an approach to the finishing 
point. 

Determination of fulphur in Blonde.— Weigh up i gram 
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of (feied and powdered blende, and mix and foM with 5 ^nuna of 
nitre in tbe manner described. Place tbe di&h and ita oontenU 
in tbe titrating-disb, exttuct with water, add to grams of sodium 
acetate and 10 c.c. of acetic add, remove and wa^b the platinum^ 
diab, and dilute to 500 c.c. ; boil and titrate. In tbe example, 
duplicate determinations required (o) 32.0 c.c,, (6) 33.25 c.c., 
giving an average of 33.1 per cent, of sulphur. 

Determination of Sulphur in Chaloopyrite (Yellow 
Copper Ore). — Take 1 gram of the t 3 nely'|Knvdt‘n.*d sample, and 
5 grams of nitre. Spnnkle a little of the nitre in a small Wedg- 
mortar, place the orv on it, and cover with 2 or 3 grivma more 
of tbe nitre. Hub up together, and transfer to a small porcelain 
dish ; clean out tbe morUir with tlte of the nitre, and add to 
the contents of tbe dish. Cover with a piece of pLitinum foil, and 
beat gently with a Bunsen burner till the nitre melts and the stuflf 
shows signs of defiagrating ; remove the and allow t^e 

action to go on by itself for a minute or so, then beat over the 
Bunsen burner lor 10 minutes. Cool ; transfer the whole to the 
titrating di^ ; boil with 500 c,c. of water ; nmmve the small dish 
and foil ; add sodie ao tate and acetic acid, and titmte. 

For example, 1 gram nquired 34.5 c.c. of “ l*arium chloride " 
(standard » 1.005 {s'ram S), which in et]ui\*nli>nt to 34,7 per cent, 
sulphur. The theoreticil percentage is 34.S. 

DeterminaUon of Sulphur In Chalcooito (Grt^ Copper 
Ore). — Proceed os in the last experiment, but, since the action with 
nitre is more moderate, no spedal precautions neiKl be taken on 
heating. A platinum dish may bo u^. 

An example w hich was beattHi for 30 minutes roriuiretl 30.5 c.c. 
of the Ijorium chloride solution. This is equivalent to 30.6 [>er 
cent, of sulphur. Tlie ihrtorrtical yield is 20,2 per ct*nt. 

Dotormination of Sulphur in P3rritoa.~Take i gram of 
the finely-powdered sample, cover with lo ex. of nitric acid, and, 
when action bos evaporate to a small hulk. Add 3 or 4 c.c. 

of hydrochloric acid, and again evaporate to a paste. Take up 
with I or 2 C.C. of dilute hydrochloric arid, dilute with water- 
transfer to a titrating dUh, add 10 grams of sodic Acetate and 5 c.c. 
of acetic add, and dilute with water to 500 o.e. Boil aitd 
Uirate. 

An example with 1 gram of a pure crystallized pyrites required 
52.7 C.C. of tbe barium chloride joUiUoo, which is equivalent to 
53.0 per cent, of sulpbur. Tbeewy requires 53.3 per cent cl 
s^phoT. * 

Dotermifuttion of Sulplitur in MiepickoB«-~Take 1 gram 
the powdmd ore and evapomte with 10 c.c. nitric add, and 
take np wHli 3 or 4 tu. of hydrochloric add. If any gldmlas 



KUtm tSD BDLPHim 


377 


(riipbw wnaiai, ewpmte v\i\^ nitric wid. Mut«, wd 

U> UltHliDg'diiih. Add lo gr&xuB of sodic aoet)ate» 
dilute with water^ boil, and titrate. The miapickel carries (accord- 
ing to theory) exactly sulficient iron to precipitate the arsenic aa 
ferric arsenate in an acetic acid solution, so no more iron need be 
added. Tli© ferric arsenate will separate out as a yellowish-white 
flocculent precipitate. 

An ejEomple required, in duplicate experiment, 18.5 c.c. and 
18.7 c.c, of barium chloride, e<iuiviUent to 18.7 per cent, of sulphur. 
The formula, FeS^FeAs,, retpnres 19.6 percent., but the sulphur 
generally varies considenihly from this amount. 

Determloatioii of Sulphur in Burnt Ores.— Take 5 grams 
of the dritni iwid powdcrtni ore, and rub up with 4 grams of nitre ; 
transfer to tlie platinum dish ; clean out the mortar with another 
gram of niti'e, and add this {is a cover. Heat, and extract with 
w(^ter as before ; add the sodium acebite and acetic acid ; and 
titrate. Burnt ores carry from 2.5 to 5 per cent, of sulphur. A 
series of four determinationii gjive * 

Chlorid# '■ K^Kjulffd. P«rt*nli^e of Sulphur. Qr»rimetrle Bentlt*. 


12,6 C.C, 


*■527. 

2.45 7 . 

20.9 M 

... 

598 « 

5.84 t» 

IS.1 « 


3 b 2 M 

3-53 « 

aao « 

... 

4*40 » 

4-43 » 


For ore* carrying less than i per ctmt. of sulphur, take 10 grama 
for the assay. 

Determination of Sulphuric Oxide (SO,) in Sulphatoe.— 
When the imlpliur vxUl< in the K;inij»)o n‘(*<'ivod by the assayerin 
an oxidlse^l state as sulpb.itc. it is usual to n iwrt it in terms of 
sulphuric oxide (SO,). In this cjuse, the mobd must also be 
reportcfl as oxide. For example, an aii^dysis of copper sulphate 
would be thus re|iort<Hl : — 

Oxide of copper jC«0) • . . . • 3**8 7. 

Solphoric oxuic . . * . » 32.1 „ 

Water 3b t » 

toao 

The percentAge of sulphur multiplied by 2.5 gives the percent^ 
of Hulphuric oxide. Tlius a sample of copper sulphate containing 
12.85 of sulphur will oonUm 12.85 ^ a-5» <^32*** P®' 

lent, 0! sulj^oric oxide. 

In minerals and metollurgioal products, it is <x)mmon to find the 
eulphur in bdth conditions — t.a, as sulphate and sulphide, 
Oeneniilly in tbeee the percentage of svdphur only is wanted ; but 
Ihis will defend entirely on oommerrial requirements, and not on 
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the fij»7 of the aasayer, Soluble sulphates are determined 
nparately by extracting with Muall quantities of cold water, so as 
to aToad the separation of basic sulpluitee, or, if the sulphides 
luresent are not at the same time attacked, by dilute hydrochloric 
add. lead sulphate may be extracted by boiling with axnmonic 
acetate; whilst barium, strontium, and, perhaps, ^dum sulphate, 
will be mainly found in the residue insoluble in adds. 

Weigh up from a to 5 grains of the material according to the 
amount of sulphur judged to be present, and dissolve thorn in the 
titrating'di^h with x c.c. of hydrochloric acid and 50 ac. of water. 
Add 10 grams of sotiic acetate, and 10 c.c. of acetic add; dilute, 
boil, and titrate. In the ca.se of ferric salts, half the quantity of 
acetic acid will be better, os then the ferric iron will be precipi- 
tated, and a colourless s<:»iutiou will lie left, in which the end re- 
action is more readily distinguished. 

Determined in this way, 5 gram samples of the following sajts 
gave the results indicated below : — 


*o!N.=.rt.0.ld. 


Copper flulphata . 

. 64.25 C.O. 

32.1a 

V. 

Magnesium sulphate 

• *5 25 e 

32.62 


Zinc »ul| bate . 

. 5«> 25 « 

2.^13 

m 

Feirotw sulphate 

. 5S 25 « 

29.1a 

H 

Sotiioin ftulfdiate 

. Si -25 M 

... 25.60 

rt 


Determiixation of Sulphuric Oxido in Barytos (IIcaiT 
spar).— Fuse 2 grams M the jiowilenxi iniiier-d with 5 gmms of 
** fusion mixture"’ h r live minut4*s; and, when cold, extract with 
water, kilter, aritiulUe the hUnite with an exceas of xo c.c. nf 
acetic add, dilute, UjiI, and titrate. For example, a transparent 
Cfystallbw'd 5>ample rHitiire^l 27,0 c.c. of Itarium chluritle, which u 
equivalent to 13.6 fair cent, of sulphur, or 34.0 per cent of sul- 
phuric oxide. Tlo-ory rerjuin-s 34,3 per cent of the Utlir. 
i^nce both mrlxuiate of and p<>tjLHh are liable to contain 
ftolphatca, a blank deU niiitiation should be made on 5 grams of 
the fusion mixture,"' and tbe amount found be deducted fn>m 
that got in the assay. 

PRACTICAL RXBROrSES. 

I. The price of snlphar In an ore being 4id. per unit la tbs nortbrra 
market^, what would be the price d a ton of oie containir.; 
40 per of salpbor ? What would t>s the tfltd 00 tJ^ price 
d an error of 0.25 per cent In the a»wiy I 
t. ^rdtee Garriee 50 per cent of solphor, and on oalcfning yftkli 70 pet 
eent of he weight of bnmt Snppodsg the bnitit ore oi^rriM 
t5 per oont of saJidifir. what proportioo w ihw satpbar will Uti 
mm iMDOvid In cakhning I 
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3 , Hov would Mondo eoiOf>are with {) 7 T{te 8 as a source of salphtir for 

solphuric sold making ? 

4, How wonld jon determine the percentage of salphuric oxide in a 

sample of gypsum ? What is sulphuric oxide, and what relation 
does it bear to salphur 2 

A mineral oonlaiiu 307 per cent, of water, 32.4 per cent of lime, and 
18.6 per ceait of sulphur. What U its probable composition? 
What experiment would joa try to determine the accuracy of 
your conclusion t 


SELENIUM 

occurs in nature comblne^l with copper, mercury, and lead, in 
certain rare minerala. In «maU quantitieg it U found in many 
oree. It ia detected in solution by the red precipitate produced 
on boiling the add mlutioo vnth s^ium sulpliite. This reaction 
U used for iU detomuuution, 

Solution. — The solution w effected by boiling with nitric add 
or aqua regia, or by fusing with nitre. To sepu-ate the selenium, 
the solution is 6vaporate<l with an excess of hydrochloric acid and 
a little sodium or potas^dum chloride. This destroys any nitric 
add that may be prese nt, and r(*tluoes .scdenic acid (H^O^) to 
selenious (H^SeO,). The solution is diluted ndth water, and 
treated with a solution of sulpinte of soda. It is warmed, and at 
last boiled. The selenium sejarati-g ns a red precipitate, which 
(on boiling) becomes denser and black. It Is collcoted on a weighed 
filter, wawied with hot water, dnt^l at 100’ 0., and weighed as 
pure aelenium. 

Selenium can be precipitatetl with sulplmretted bydiogen as a 
•uiphide, wliich is readily soiulde in ammonium sulphide. This 
sulphide may be oridistnl with hydrochloric acid and chlorate of 
potash } ud the selenium scparaUMl in the manner described. 

TELLUIUUM, 

TeHurium occurs in nature, native, and in combination with 
gold, silver, bismuth and lead. It is sometimes met with in 
assaying gold ores. It may l>o detected by the purple colour it 
imports to strong sulphuric acid when dissolved in tdie cold, and 
I7 the b l ec k precipitate of metallic tellurium wduch its solutions 
yidd 00 treatment ^ith a reducing agent. Telluric add is 
loced to t^QTOtts (with evolution of chlorine) on boding with 
i^ffirochknic odd. 

Sointlon k^afifected by boiling with aqua r^gia, or by faring 
*ith nitre and eodium carbonate. 

SoptritlOO.— l^urium dosriy resembles selenium in its re^ 
It it sepon^ed and determined in the same way, like 
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it^ it fonxks * anlphide soluble in ammonium sulphide. It is dis- 
tinguished from selenium the insdubility, in a solution of 
cyanide of potassium, of the metal precipitated by sodium sul- 
phite: whereas selenium dissolves, lorming a soluble potassic 
seleno-cyanide.* 

For the determination, solution is effected by fusing with nitre 
and sodium carbonate, dissolving out the teilurata of potash with 
water, and boiling with hydrochloric acid, Tellurous compounds 
are formed, with evolution of chlorine j ami the solution, on 
treating with a reducing agent (such as sulphurous acid or 
stannous chloride), yields metallic tellurium ; which U washed, 
dried at 100* 0 ., and weightni. 

• 8« f hCy » KCjSik 



CHAPTER XVn. 

ARSENIC, PHOSPHORUS, NITROGEN. 

arsenic. 

Tub chief source of the ars« nic of commerce is arsenical pyritea. 
or mispickcl, which contain.s about 45 per cent, of ai-senw (As) 
Anenic also occurs as a omsiitiiout of several compamtively raw 
nniiemls; and, cis an impurity, it is very widely distributed. 
\\ lute ^nic »s an nude nf arscuiic, and is obtained by roasting 
ui^cuucaJ ores, and refining the material (crude ar^nic), which con- 
den>«s m the ihua, Aj>enic itself is volatile, and many of its 
compounds Imve the s:une prope-rty. It forms two welWefined 
senes of salts, ciom‘sponding to (he oxides : arsenious oxide (As 0 ) 
an.i ^nic oxide (As.Oj. These combine with lm.ses to foii 
ammitert and arsenates roiH.^ctivelv. IViling with nitric acid 
ennverU the lower into the higher oxide ; and powerfiil reducing- 
agente, such os cuprous rhIorich‘, have the opposite eihet. 

Ai^nic may Iw detected by dis,<< living tlie substance in hydro- 
chlonc acid, or in aipia reghi (avuitling an excess of nitric acid) 
and adding a little of this .'joIu- 
tion to the contents of a small ^ 
flask in which hydrogen m toeing 
made by Uie action of ainc and ' S H 9 Pi 

h\dr«xthloric acid. The ignit**^! / ^ 

jet of hydrogen aosumes a blue ^ \ 

colour if amenic w presi'nt, and / \ 

& cold popoekin diah held in the ^ ^ 

flame (fig. 67) becomea cewted Fm. 67. 

^iih a du^ depdidt of metAllio 

arsenic. Antimony produms a similar effect, but is distinguished 
hy the ineolubility of it« deposit in a cold solution of bleaching- 
powder. ® 

ArawitiM ara.ditttDf^iuihed by the voUtility of the chloride ; 
decolorioitig a aduiion of permanganate of potassium, and by 
immediately giring ayellnw nredjntate with sulphuretted hydrogen. 
Arie&akei are dMaguiahed (after converting into soda salts by 
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boilmg with carbonate of soda and neutralidng) by giving with 
nitrate of silver a red precipitate, and with “ magneaia mixture ” 
white crj-stalline one. 

Dry Assay, —There is no dry assay which is trustworthy. The 
following inethoti is sometimes used to find the proportion of 
arsenions oxide in “ crude arsenic ’’ : — Weigh up 5 grams of the 
dried sample, and place them in a clean dry test-tube about 6 inches 
long. Tie a small filter- pa()er over the mouth of the tube, so as to 
prevent air-cum*nts. Heat the lube cautiously so as to sublime 
off the white arsenic into the upper jmrt of the tube. Cut off the 
liottom of the test-tulv bv wetting whilst hot, Scrape out the 
RFsenic and weigh it, Tlie weight gives an approiimate idea of 
the quantity, and the colour of the quality, of the white arsenic 
obtnitmhie fitun the s.nmple. Some workers (sellers) weigh the 
residue, ajid determine the wliito arsenic by difference. In detcr> 
mining the p^rcvtUage of moisture in these samples, the substance 
is dried on a water-Kith or in a watt^r oven. 

WBT METHODS. 

Solution. — WKf rn, as in crude axx'nic, the sulistance is 
arsenious oxide i\sO^) nnxe<i with impurities, the ar>enic is l>efit 
got into s<dution bv warming with caustic mhLi, and neutralising 
the excess with hydnsddoric acid ; it will Is^ pnt'sent ns sodium 
nrsenite. Metals and alloys an* acted on by means of nitric acid ; 
or the itrsenic may l^e at the sitme time disMdvctl and separaUKl l)v 
dlstining with a strongly acid solution of ferric chloride, in the 
way describcsl under r^wm^^rtc 

With minerals, mattes. «ic,, solution is thus efft'cted The 
finely- powdered stibhUno* Is mixfd (in a large platinum or poive- 
Win crucible) with from six to ten times its w eight of a mixture of 
equal parts of carbonate of' sola and nitre. The mass is then 
beatcf) gradualir to fusirm, and kept for a few minutes in that stata. 
When cold, it is extracted wit h warm water, and filtered from the 
insoluble r«>idue. The solution, acidified with nitric add and 
boiled, contains the nrs^mic as sodium arsenate. With mispicke], 
and tbcihe suWtances which easily give off arsenic on beating, the 
stibetance is first tnated with nitric acid, evaporated to diynessp 
and then the residue is treated in the way just deecribed. 

When the arsenic is prvsetii as arsenite or arsenide, distiOaticn 
srith an add solution of ferric chloride will give Uia whole of the 
anenic in the dh^tilUU) free from any metal pa'bsps 

tin at stannic chloride. With amnat^ dissolvb Ihe sttbslacce 
in add and then add an excess of soda. Pass tulphuretted 
hydnigto into the aolution ; wami^ and filter. Addi^te um 
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filtrate, and pees sulphuretted hydrogen. Decant off the liquid 
through a filter, and digest the precipitate with ammonic carbonate : 
filter, and re-precipitate with hydroehlonc acid and sulphuretted 
hydrogen, ^^low to stand in a warm place, and filter off the 
yellow sulphide of arsenic. Wash it into a beaker, clean the filter- 
paper (if necessary) witlj a drop or two of dilute ammonia ; evapo- 
mte with loc.o. of dilute nitric acid to a small bulk ; dilute; and 
filter off the globules of sulphur. The filtrate contains the areenic 
as arsenic acid 


GEAVIMETBIC METHOD. 

Having got tbearsi-nic into solution as arsenic acid, and in a volume 
not much exceeding 50 c.c., add ai>out 20 c.c. of dilute ammonui 
and JO c.c. of “magnesia mixture." fciiir with a gla>s rod, and allow 
In settle overnight. Filter, and wa>h with dilutcammonia, avoid- 
ing the us© of large fjuiiniitie.'^ of wash water. Dry, tmnsfer the 
pwipitato to a Ik-rlin cnicihic, and clean the filter-paper 
thoroughly. Burn this t^mdully and t'nnipletely ; and add 
the ash to the contents uf the cnicille, to-vilior with 4 or 5 drops 
of nitric acid. KvajKimte w'itii a iJunMUi burner, and slowly 
iimite, finishing off wit h the blow pi|pe or mu file. Cool, and weigh. 
The ignited precipitate is pynn^^uiatcof magnesia (Mg^As^O,), and 
contning 48.4 |«r nuit. of ars* nic (As). 

Instead of igniting the pn^apitate with nitric acid, it may be 
collected on a weigheil filti r pap<*r. dried at 100" C., and weighed 
aa amnjonic-nmgnesie arstuiaie ( 2AmMgAs(\.HjO), which contains 
39.5 per cent, of arsenic. The results in this wise ai-e likely to be 
a little higher. The drying Ls very tedii^is, and us likely to leave 
behind more water than is allowi^Al for in the formula. In a series 


of determinations in 
the result© were .• — 

which the 

arsenic was weighed 

in both 



JCajfTKAiiim e)rrAr»Mk*t# 

Arwnlfi 

biirnMA*. 

to 

t!5 gtittiU 

in jrrsmi. 

aooSo 

o.oo;j 

0.0065 

e.0031 

ao40o 

0.0 t>S 

aojjo 

0.0160 

ao799 

o.o.tJ6 

0.0033 

0.0306 

0.1600 


... 0.12S7 

a 0623 

014000 


... 0.5205 ^ 

o.«S5> 

^7990 - 

.0.3156 

a643S 

03114 
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VOLUHETEIO MSTHOB 8 . 

Thm are two methods : one for determining the areenio in the 
lower, and tim other in the higher state of oxidation. In the 
first-mentioned method this is done by titrating with a standard 
solution of iodine ; and in the latter with a solution of uranium 
acetate. Where the arsenic already exists as arsenious oxide, or 
where it is most conveniently st^pirrateii by distillation as arseni- 
ous chloride, the ioiUno metluKl should be used ; but when the 
arsenic is separated as ammouic-magm^ic arsenate or as sulphide, 
the uranium acetate titration should be adopted. 

IODINE PROCESS, 

This is based on the fart that s<x!iuiu ui'se Elite in a solution con- 
taining an ttXi't'jss of birai Unuile uf is indii'iftly oxidised by 
iodine to sodium arsi»n;;^',* and tbiit an excels of iodiiio may 1 k 3 
recognised by the blue n>lnur it strikes with starch. The process 
is divided into two parts — (i) the piYpirsUion of the solution, and 
(2) the titration. 

Prep&rmtion of tho Solution. — For subsUnccs like crude 
arsenic, in which the arsenic is pt* vuit as arvuiious oxide, the 
method is aa follows : — Take a |h>rtion which shall contain from 
0.25 to 0.5 gram of the oxide, place 
in a Iwakcr, and cover with 10 c.c. uf 
so<lu tiydmte dilution ; Vann till dls- 
sotve<l, put a small piece of litmus 
pu|H-r in the sohitioEj, and render add 
with dilute hydnxddoric acid. Aild 
2 grun- of bicarl>oiiato of soda in scdu- 
liun, filter (if neceawiry), and dilute to 
100 C.C. The solution ia now ready 
for tifruting. 

Where the arwnic haa to be 
ratei) as iirsruh'Uis cldoride, the prrK’<»s« 
Pie. 61 U an follows :t— Weigh up i gram of 

tins tinely-js)wderori ore(tnetala aliouU 
ba bitoiilMwed out into a thin foil or be used as filings), and place 
in A 16-oUDce flisk provided writli a well-fitting ooi^i and con- 
Mded with a U-tube, aa shown in Uie drawing (fix. 68). The 
U-iuhe slwiild contain 2 or 3 ec. of water, and ia<!ooM by being 

• KagAaO^-f H,0>2!^Na^»0, + 2ll]. The add U at once acakiaUMd. 

t Mr. Thoi^ Gibb U the otigmawr ofi this U^{eaioai prooeei. 

• 
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pinced In n jar or large beaker of cold water, Tae water used 
for cooling sbould be renewed for each aasaj. 

Pour on the assay in the 6ask 50 c.c. of a ** ferric chloride 
mixture,” made by dissolving 600 grams of calcium chloride 
and y>0 grams of ferric chloride in 600 c.c. of hydrochloric 
acid, and making up to i litre with water. 

Firmly cork up the appratus, and l>oil over a small Bunsen* 
burner name for fifteen or twenty minutes, but avoid evaporating 
to dryness. Disconnect the flask, and pour away its contents at 
once to prevent hreaki^o of the flask by their solidification. The 
arsenic will be coudenaed in the U-tube, together with the greater 
prt of the hydrochloric acid ; transfer the distillate to a beaker 
washing out the tube two or three times with water; add a small 
piece of litmus pper; neutralise with ammonia; render faintly 
acid with dilute hyditxliloric acid ; add 2 grams of bicarbonate of 
«k 1 |i in solution ; and dilute to 250 c.c. Tlie solution is now ready 
for titrating. 

The ansenic comes over in the early part of the distillation, as 
will be seen from the following experiment, made on i gram of 
copper precipitate ; in which experiment the distillate was collected 
in M^pmte prtions at equal intervals, and the arsenic in each 


prtion determined : — 
Tiros 

Iodine 

EamTilmt to Arm 
In the nUtilUt*. 

DUuUjoir. 

ReijuinA, 

5 minutea ... 

12.0 0.0. 

ao45o gram 

5 « 

0.17 » 

aooos „ 

5 » *** 

0.0 „ 


5 * >. * 

OiO * 


To dryneas 

0.0 « 



The volume of each distillate was about 5 c.e. 

Id this operation the metals are converted into chlorides by the 
action of ferric chloride, whit li givt>« up a prt of its chlorine, and 
l«'comes reductnl to the ferrous salt. Tiie calcium chloride does 
not enter into the chemical rwtetion, but raises the temperature at 
which the solution ImuIs, and is essential for the completion of the 
distillation.* Two experimenta with material contiiining 3.48 pr 
cent, of arsenic gave— (r) with ferric chloride alone, 2.74 pr 
cent ; and (2) with the addition of calcium chloride, 3.48 pr cent 

It in always necessary to make a blank determination Avith 
r pram of electroty|>e edppr, to find out the amount of arsenic 
in the fmric chlorido mixture, f Unfortunately, a correction is 

• By taklufr hoM^f tb« water present, it may prevent the dissociation 

of arsenioits Florida 

t It is diSIcnlt to get ferric chloride free from arsenic ; hot the following 
tiiattnent wtU remove 80 or 90 per e^t. of the anenio eontained in the 
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ilw&j’B required. Thk amounts to about 0,1 5 per cent, of arsenic 
on mAi nasny, even when the mixture has bew porihed ; and Uiu 
oonstitutee the weaknees of the methotlf since, in some casen, the 
correction is as much as, or even greater timn, the percentage to 
be determined. 

The acid distillate containing the arsonious chloritle may be left 
for an hour or so without much fear of oxiihttion ; but it is Kih r 
to neutralise and then to add the itic^irUmate of soila, as the fol- 
lowing experiments show. Sevoml piortions of a solution, each 
having a bulk of 100 ac,, wtuv cxjK)sed for varying Imurths of 
time, and the ar^nic in each determined. 


1 Av‘l<l Stilattaot, 

"”*■'**• liciS;:;; 

NVatnJb^ Mutiooi. 

Anci. r«,d. 

— 1 1 S, 2 C,c. - 0.0136 grim I 

1 hour 1 1S.3 - 00130 „ j 

3 hottte i 17.7 « - 00133 H 

4 » 17.5 M - 00151 « j 

$ « * 7-0 « - OOU 7 1. 1 

i%.i cx. r= ooi ;6 gram 

1S.2 „ =5 O.UEjO „♦ 1 

iN.O „ a 0.0135 »» i 

: IS.4 „ »< O.OI5S 

ih.j „ » 0.0137 H 1 


The Titration. — Moke a totufim (\f i/ylint by wcl"hin" 

up in a beaker 16.935 grams of iosline ami 30 gnims of 5K)tu.viiuiu 
iciitie in ery*Uals ; ihld a few c.c, of water, and, when dlssolvt^l, 
dilute to t litre : too c.c. will 0,500 gmm of orspnic, 

A solution of sUtri'h Ritnilar U> that in the iodide -cop per 

assay will be require’!. Use 2 c.c. for wodi osaJty. Vaidalions in 
the qtrantiiy of starch do not iiitci-fen? ; hut the aolu‘it)n 
must be frtftihly prepared, as after seven or eight days it becomes 

oselssi. 

To standardise the iodine solution, weigh up 0.3 gram of white 
arsenic ; dissolve in camstic soda ; neuttali.se ; after mndulatiag, 
add a grams of Ucarbonatc of soda and 2 c.r of the starch 
tion, and dilute to 200 c.c. witlr cuM water. Kill a burette having 
a glass stopcock with the ioline solution, and run it into the 
solution of arsenic, rapidly at iirst. and then more cautioa.H)y, till 
a final drop prmlnoes a blue colour Ihrougliout the solutinn 
Galcolate thestan*lanl in the usual way. White arsimic ranUut^ 
75.76 per cent cd arsenic. 

The following exfietimenU show the effect of variattoo in tb« 
OtmdtUons of tlm titration : — 

eomoMreia} ojateiial DiJisolre 2 or of ferric chloride with tht 
milMaiBOQni of water that will effect tolatloo with the addiUoc ot 
looc.c. of hydrochloric acid ; add a solution of salphuroas acidic quacn-T 
seffiidait to rwiuoe * ^ 5 P**" vent, of the iron to Uw ferroiu 
tn ftsnd a wwrk : and U^en lioiU to remote the bydrooblorto acid addw- , 
• hurieecid. h is |Mi^udicisl,iSil«rimQtsd iblt USStmfBl* 
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Make * aolutioa of ftntemo by dissolviog 6,60 graau of white 
inenic in 100 c.c. of sodic hydrate solution ; render slightly add 
with hydrochloric add ; add 10 grains of bicarbonate of soda, and 
dilate to i litre ; 100 c.c* will contain 0.50 gram of arsenic. 

WdOt of Varying Temperature.— The reaction goes on 
^ry quickly in the cold, and, since there is no occasion for beat- 
ings all titrationa should therefore be carried out cold. 

iSect of Varying Bulk —In these experiments, so c.c. of 
arsenic solution were taken, 2 grams of bicarbonate of soda and 
i C.C. of starch solution added, and water supplied to the required 
bulk. The results were 

Bulk . . . 500 &a lonoaa 250.0 o.eL 500.0 oa 

*' Iodine** required son „ aao « 20jo „ son „ 

Considerable variation in bulk does not interfere. 

Sffeot ol Varying Bicarbonate of Soda.— This salt must 
be present in each titmtion in considerable excess, to prevent the 
iot^erenoe of free add. The bicarbonate must be dissolved 
without beatiug, as neutral carbonates should be avoided. 

Bloarboeate added 1 gram 2 grama 5 grams 10 grams 

**ladiDo" required mi c.c. 20.0 ac. 20.1 c.c. 200 c.c. 

These results show that large variation in the quantity of 
bicnrbonate has no effect. 

Bffbot of Free Acid,— In these experiments, the arsenic 
taken, the starch, and the bulk were as before, but no bicarbonate 
was added. In*one oiue the solution was rendered acid with 5 c.c. 
of acetic add, and in the other with 5 c.c. of hydrociiloiic add ; 
in both oases the interference was strongly marked, and no satis- 
faotoiy finishing point oould be obtained. This was much more 
marked with the hydrochloric add. 

Bffisot of Forotgn Solte.— The process for getting the arsenic 
into solution will exclude all metals except tin, but the solution 
will be charged with sodium or nninioniiMu salts in the process of 
neutralising, so that it is only neccasary to see if these cause 
any interfersni^. The alkaline hydrates, including anunoni^ 
are plainly ioadnusBtble, since no free iodine can exist in their 
presence. Monocarbonatee similarly interfere, but to s much le« 
extent \ hence the necessity for rendeiing the assay distinctly add 
before adding the faioarbonate of soda. 

With *0 C.C. of amnic solution j and with hulk, soda, and 
katdb at btlofo, tha retulU obtained wm 
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With 20 gr&ms of unmooio ohloiidt • » , 20.0 o.o» 

20 gnuxu of sodium chJorido . « • • 20.0 « 

„ 20 gnuus of sodium aceuto . . • • 20.0 • 

„ 0 050 gram of tin, as suinnio ohlorido • • 19.6 » 

Without anj addition 10.0 p 

The interference of the stannic salt is probably mecbanical, thv 
precipitate carrying down some arsenious acid. 

Sdbct of Varying Arfleaio.~>With bulk, starch, and soda 
as before, but with varying ai^nic, the results were : — 

Anienio added . 1.0 c.o. looaa 20.00.0. 50.00.0, 1000 o.a 
•* Iodine** required i.i „ 9-9 n >0.0 », 5on ,, looo „ 

Determination of Axsenio tn Metallic Copper.^Put t 
gram of the tvpper tilings, free*! from |»»rtiiU*« of the file with 
a magnet, into a i6-ot,-tl2isk ; and diMii with the ferric chluriiie 
mixture, as aUn'e deM’rii«‘d. Neutrali>^ the distillate; acidify; 
add bicarbonate of soda and starch ; dilute ; and titrate with tiip 
standard solution of iodine,* Moke a blank detemiination with 
I gram of e)ectroty[>e copper, proceeding exactly as with the 
assay; and de^lurt the amount of arsenic found in this experi- 
ment from that previtnisiy obtained. 

Working in thw way on a oopifcr wntaining o.j3p6r cent, of 
arsenic and o.So per cent, of smtunony, 0,38 per cent, of arsenic 
w^is found. 

Determination of White Arsonio in Crude Arsenic.— 

Weigh out I gram of the drii d and jiowdered sul>stanc6 (or 0.5 
gram if rich), and dig« ^t with 10 c,c. of a 10 per cent, solution i * 
aoda ; dilute to aK ut 50 c.c., and filter. Ueuder faintly ju io 
with hydrochloric arid, and filter (if neccpvsar)*) ; add 2 or 3 gnuu 
of bicarbonate of soda in KduUou, then 5 c.c. of star^, and 
titrate the cold solution with the atandard solution of iodine. 

The follow ing IS an rxitinple : — 

1 gram of cru<h? ar^t idc r^juired 53.7 c.c, “ Iodine;* 

100 to, I«xline " ■» o.hooo gram white niwenio ; 
too ; 53.7 :: 0.6 : 0.3222, or 32,2 per cenU 

With the i4m tuU? method of dry assaying, this same sample gave 
reaulU varying fnun 33 to 35 per cent, of white arsenic, which 
(judging from its appearance) was unpuiw. 

• When the amount of amenlc to ba e^Umatad la fas la refined 

coppers), it U better to use a weaker volatioa of Iodine. This li made b; 
difoting 200 ac. of the standard *olutloa with water to t IHrt. Sach ca 
will equal 0.1 per cent.. If 1 aram of the metal has haeti taken ft*f 
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TTBANIC AOETATE PROCESS. 

This naaj be lo()ke<l OiS iin alternative to the gra\imetric 
method* It is apj)Iicablo in all where the arsenic ariRfa in 
solution as arsenic acid or os arsenate of soda. 'Fhe process ma^ 
be considered in two parts: (i) the preparation of the solution, 
and (2) the titration* 

Preparation of the Solution. — If the arsenic has been 
separated as sulphide, it is sutEi iont to attack it with 10 or 15 ac. 
of nitric acid, and to heat gently till dissolved, avoiding too high 
a tempK^rature at first. Afterwards coniinue the heat till the 
separated sulphur runs into globules, and the bulk of the acid 
has been reduced to 3 or 4 c.c. Dilute with 20 or 30 c.c. of water ; 
put*in a piece of lit m its paper ; and add dilute ammonia until just 
alkaline. Then axld 5 c.c. of the sodium acetate and acetic acid 
solution (which should make the solution distinctly acid); dilute 
to 150 cc., and he;it to boiling. The solution is re^y for 
titrating. 

When the arsenic exists in a nitric acid solution mixed with 
much c<>ppor, it is sepamted in the way described under 
Kj-aminaiion of Conwirrrial Copper (Arsenic and Phosphorus), 

piigtvs 2nS, :c(). 

If the arsenic has Wn .“i^piirate^l as ammonium-magnesium 
trs<‘ hate, and phos|dHitf‘s uit? known to l>o absent; dissolve the 
pie<'lpiUte (after filtering, but wiilio\it washing) in dilute hydro- 
(iiluric acid. Add dilute ainijjor.ia till a sUglit precipitate is 
foriiipd, and then 5 r,c. of tb*' ^<diuin acetate and acetic acid 
solution ; dilute to 150 c.c,, and hrai to btuling. Titrate. 

If phosphates are pres^uit (wliicb will always be the case if 
they wore present in the original substance, and no separation 
with sulphuretted hydrogen has Ix'cn made), the phosphorus will 
oiunt in the iubse^ptent titration as arscuiic (one part of phos- 
phorus counting as 2.4 ports of arMUiic). It will be neces-s-'u-y to 
disju»lve the mixed arsenate and phosphate of magnesia in hydro* 
riiloric ocid. Add alKint feiur or five times as much iron (aa 
ferric chloride) as the combiiie<,l phosphorus and arsenic present 
will unite with, and scjiantte by the ‘"basic acetate ” process as 
le8cril)ed under PiK^riioKCS in the Emmwatwn oj Commerdid ^ 
Copper^ pnge 109, Obviously, when ])hosphat€s are present, it is 
easier to aepnrate* the ai^enic as sulphide than to precipitate it 
with the “ magnesia mixltire.** 

The Titretton.— Tlie dandard tohdion j/ uranium acetate ie 
tnade by diteolving 34. t grams of the salt (with the help of 15 
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of iodio tdd) in w«^ ; and diluting to i litre. The water and 
add are added a litUe at a time, and warmed till eolotion is 
effected; then cooled, and diluted to the required Toluine' 
100 O.C. will equal 0.50 gram of areenio. 

Hie 9odie oc^eiie and ocelto add adidton Is made 
disedving 100 eiams of eodio acetate in 500 o.e. of acetic acid, 
and dilutmg witn water to 1 litre. Five 0.0, are need fen' each 
aeeay. 

The solution of potasde forrocyanide ustnl as indieaicr ia made 
by dissolving 10 grams of the salt in too ac, of water. 

To standardise the solution of urajiium acetate, weigh up a 
quantity of white an»enic (Ar, 0 ,) which shall be about equivalent 
to the arsenic conUinotl in the assay (o, 1 or o.a gnun) ; transfer 
to a dask, and dissolve in to c.c. of nitric acid with the aid of 
heat. Evaporate to a smiUl bulk (taking care to avoid the 
presence of hydrtxdiloric acid); dilute with water; add a sAall 
piece of litmus paper ; render faintly alkaline with ammonia ; 
then add 5 c.c. of the sodic acetate miiture ; dilute to 150 c.c. ; 
and heat to boiling. 

Flu an onUnary burette w’ith the uranium aci^tate .solution, ami 
run into the a«^y a quantity known t*^ he insufficient. Again 
keat for a minute r>r two. Arrange a serif's of linqis of the solu 
tion of ferrocyanide of jwtiLHsium on a poivekin ^ab, and, with 
the help of a glass r^xl, bring a drop of the aasjiy solution in contact 
with one of these. If no colour is pnxIucNs!^ nni in the uraniuu; 
acetate, 1 c.c. at a time, testing after each mldition, till a brown 
colour i.s developed. HU b»*st to overtio the oasay, and to count 
back. It U not necess.iry to lilter off a |)ortion of the aietay befon 
testing with the “ ferrocyanide/’ since the precipitate (urnnii 
arsenate) has no effect. 

The following experiments show the effect of vanatioti in tla 
conditions of titration. Moke a solution of arsenic add by dU 
sdvmg 4.95 grams of arsenious acid (As^O,) in a covered beaker 
with 35 c.c. of nitric acid ; evaporate down to 7 or B C.C. ; and 
dilute with water to i litre: 100 c.c. wilt contain 0.375 gram of 
anenic. Use 20 c.c. for each exj^erimont. 

Mbct of Varying Tempermture.— It U geneiwlly reconi 
mended to titrate the boiling solution, since it is pomble that tlir 
precspitalioD U only complete on boiling. Low reeolta are oh 
tained tn a cold solution, the apparent ezeesi d oimaiam acetate 
itrikiiig a colour at once ; on bmling, howem, it omms to do so ; 
eoD^iMiitly, the solution shonld always be bdkil diteeUy 

In fag wp e rhn iB ti made in the w%j d ea eri be d , but with eo 
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ol atolation of anenic add stronger than that given (100 c.c. » 0.5 
gram Ab), the results at varying temperatures were : — 

Temperature . . 15’ 0 . 30*0. 70*0. 100* 0 . 

^ Uranium" required 18.0 c.c, 18.5 c.a 18.5 0.0. 18.7 c.c, 

Mfteot of Varying Bulk.— These experiments were like those 
last mentioned, Out were titrated boiling, and the volume was 
varied ; — 

Bulk .... 50 0 C.C, 100,0 c.c, 2oao c.c. 3oao c.c» 

" Uranium ■ required 14.0 „ 1+.0 „ 14.5 „ 15.0 „ 

Considerable variations in bulk are to lx; avoided. 

Effect of Varying Sodium Acetate. — These experiments 
were carried out like those lxstiiotu-<sl, but the bulk was 150 c.e., 
and vstrying amounts of so lie acviate were added in excess of the 
qmintity in the eipf-riuKUits previously described; — 

8o<lio acetate adtlrd 0 gram 1 gram 10 grams 20 grams 

“ Uranium " requ I re<l 14 5 c.c, 14.5 c.c. 16,0 c.c. 18.0 c.c. 

It is evidently that the qviantity of this salt present 

in each titratiori lx* mex^uirfd out. so as to avciid variation. 

Effect of Varying tho Sodium Acotato and Acetic Acid 
Solution.— Aortic A'id nUon^Ta:::. I he results, but in the opposite 
din'ction, by prevent ing tho pn-< i[.italion of uranium arsenate. 
With van'ing volumes of the solution now under notice, the 
results were : — 

Solution adde^l . . 0.0 c.c, 5 ®® ®* to.oc.c. 15.0 c. 0 , 

** Uranium " required U-S * U 5 « *4-5 •» *4*0 » 

Boluiioa added . . ro o „ 30.0 „ 40.0 „ 50.0 « 

** Uranium*' required 13.3 „ 10 0 «i 0.0 „ 3 .Q m 

Thwe show that t he quantity ordenxl (5 c.c.) mmst be adhered to. 

Effect of Foreign SalU.—Iii these experiment, 10 grams of 
the Milt (the etrt*ct of which it was desinxl to determine) were 
added to a solution in otluu* re^jxicts nvjembling those previously 
used 

/ Ammonic Ammonio Ammonio Magn^am 

Salt added , .| nitrate. chloride. sulphate. 

* Utmoiam " wquiitd 15 5 c.c. 15 5 o*®- > 5*3 * 5-3 o-o- 

Without Miy tddition. 15.0 c.c. were required ; and in another 
Upwimont. in which 30 grams of ammonio sJts ware preaent. 
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15.6 o*c. of onmium solution were required. Such variations In 
the amount of ammonic salts as occur in ordinary working are un« 
important. 

Phc?;*hate8, of course, interfere. In fact, the unuiium acetate 
solution can be gtantlanlistHl by titrating with a known weight of 
phosp^te, and calculating its equivalent of arsenic, TIuir, in an 
e:cperiin©nt with 0.6 gnun of hydrio soilic phosphate (Na,IIPO^. 
isHjO), et]uivalent to 0,05195 gram of pluispliorus, or 0.1256 
gram of arstnic, 23,25 c.c. of a solution of uranium acetaU‘ were 
re»|uired. The same solution stanthmlised with white ai'senic gave 
a standard of which 100 c.c. = 0.5333 gnim arsenic. On this 
standard the a6 gram of sodic phos|>hate should have rec|uii ed 

^3 5c.c. 

Kxperiments in which o.i gram of bismuth and 0.1 gram of 
antimony wore present with o.i gram of arsenic, showctl no inter- 
fei'ence on the titmtiun. Ferric or aluminic s;ilts would renuiie 
their equivalent of arstmic, and, ttjns^Hjuently, must be removrd 
before titrating. 

Effect of Varying Arsonio. — ^Varying amounts of met; ’Hr 
arsenic were weighed up and dissolved in nitric acid, A'c., and 
titrated : — 

Aii#-'riic taken aoio gnun 01050 gram 0.ICO gram 0 . 3>3 gram 
Arsenic found 0.010 „ 0^50 0.100 „ 0.197 „ 

These experiments show that the metbcHl yields gootl results 
within tht^se limits. 

Determination of Arsenic in Mispickol. Weigh up i gn^m 
of the dried and jwvderrd ort‘. and « vji|x»nite to te ar drvti»->.K nv.h 
20 C.C. of dilute nitric acid. Make up tn igo r r, with writer, and 
pass sulphun^tti-d hydn-gen to n/durethe feni- ir ui to the femju.** 
state, then add 20 c.c. of dilute aiumonU, and ag;iin sulphu- 
retted hydrogen. Warm, ami evrqiorute the tiltrae U> driv** 
off the excesss of ammonia ; then add 10 c.c. of nitric acid, and b»il 
down till the sulphide of aro nic at tli^t pHTipiiated is diasolvi'*] ; 
neutralise; atld 5 c.c. of H‘«iium agi tate and acetic acid solution 
transfer to a pint fLk«k, boil, and titrate. 

For example, an impure ••ample of orr* nxpiiriHi, in duplicate assat 
of half a gram tsudi, wia?ii treat'd in the al>ove mentionwi way, 39. H 
and 39.5 ec. of the? uranium a<‘etate solution ( looe c. m 0.537 grsmi 
of amnic), equivalent to 0.21 14 gram of arsenic, or 41.3 jjuf cent. 

An alUj^tive method! is as follows. Powclcr the ore verr 
finely axid^^h tip .5 gram. Place in a 3| inch beriiti dish and 
add strcpng nitric acid, one drop at a time until the action oeases; 
with earo there need be no very violent rt^iciion Dty over 1 
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water bath. Cover with 2 grams of nitre and over thU spread 
5 grams of a mixture of equaJ parte of nitre and carbonate of 
Hoda, Fuse in a muflBle or over a Lirge gentle blow-pipe fiame fmr 
4 or 5 minutes. This will spoil the dish. Allow to cool and boil 
lut in a larger dish with 100 c.c. of water. Filter and wasn mto 
an 8 oz. Sask. Acidify the liquor with nitric and boil down to 
about 100 c.c. The acid should not be in too large excess, Dut 
an excess is needed to destroy nitrites, Keutralise with soda or 
ammonia. Add 5 c.c. of the mixture of sodium acetate and 
acetic acid. Titrate with uninium acetate. 

Determination of Arsenic (As) in Cnide Arsenic. — ^Ihe 
method given under the iodine titnition simply determines that 
jKjrtion of the arsenic whicili is in the substance as 

arson ious oxide or white arw*iiic, Tlie following method will give 
the total arsenic in the sample. It w-ould be incorrect to report 
this HA so much |ier cent, of ar.senious oxide, although it may be 
reported as so much jior cent, of arsenic equivalent to so much per 
cent, of white arsenic, thus; — 

An<<‘nic .... 30.0 per cent 

Rjuivfilent to white arsenic 39.6 „ 

The equivalent of white arsenic is calculated by multiplying the 
percentage of aixuiic by 1.32. The method of determining the 
percentage of arsenic is as follows: — Moil 1 gram of the sample 
with 10 c.c. of nitrir jwid. When the bulk of the solution has been 
retluced to one-lmif, and rt^l fumes are no longer evolved, dilute 
with a little water, and fih «-r into a fljt'ik, Neutralise the filtrate, 
add 5 C.C. of atslic acetate solution, boil aiul filler. Tlie precipitate 
(ferric arsenate) k transh‘rn*d to a small beaker, treated with 5 c.c. 
of dilute ammonia, and sulphuivltiMl hydrogen passed through it, 
The iron sulphide U filtcn d uiT, .and the filtrate evaj^orated with an 
t*xce«a of nitric acid. When the solution is clear, it is neutralised, 
and 1 or j c.o. of aotlic acetate solution having been added, is then 
mixed with the first filtrate. The .‘iolution is boiled and titrated, 

A sample treated in this w ay rcvpiiretl 49.2 c.c. of the uranium 
ac«>tate solution (100 c.c, « 0.537 gram of arsenic), equivalent to 
26,4 |>er cent, 

Dotormination of Araonio in Brimstone. — Tftke 10 grams 
of the substance, an<I |x)wder in » mortar ; nil) up with xo c,c. of 
dilute ammonia and a little wafer ; rinser into a pint fl.ask ; pass a 
current of sulphiiMtod hydi-og**!) ; .and w^arm on a hotplate for a 
few tniiMitf^ J*'iltor, th«* with sulphuric acidj 

filter off the pHH ipitate , ;tif«ck it witli jo c.c. of nitric amd^and 
proceed as tn the other determinations 
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FRACtICM. EXERCISES. 

L Mi^piokd contains 45^ per cent of irsenlo, to bow much wtUt* 
arsenic will this be equivalent ? 

t. How would TOO make a standard solution of lotlin© »o that looe.& 
shall be equivalent to 1 jrram of white meniu ? 

3. What weight of arsenic is contained in l gram of pjrarsenate of 

magnesia^ and what weight of ammomc-mttgneslc arsenate would 
it be eM|uiv:dent to ? 

4. The rt»5idue, after heating 10 gnima of crude arsenic, wHghM 062 

grant. Wliat inl'ornmtion iIih'S this give as to the com|)osi! itui 
of the substance * If another 10 grams of the substance, heated 
on a wnter-hath, lost gnini. wijai ctinclusions would you dniw, 
and how would vou rej^'rt vour ri'Mills ? 

5. If a sample of copjnrr contiuntnl 0.5 \ h‘t cent, of arsenic, and l gram 

of it were taken for an io>>ay, h<tw much standard uranium acetal© 
solution would bo required in the titration t 


PHOSPIiOHUS AND PHOSPHATKS. 

Phospbonta rarely oceiirs among min* mis exi-t’pt in its higltest 
osjiiuetl *Utc, phosphoric oxide in which it o<'cnrN ahun*]- 

nntly aa ** rock phoephalc,'* a variety of u|mtiu* whit h is mainly 
phosphate of lime. Plu^pliat*^ of most of the metallic <ixides aie 
found. Phoephoric oxide in small qtiainitii^s i.s widely diifu.Mil, 
nitd is a constituent of ine*st riH*k.s. I is pn^M*^a* in varying? 
amounts in iron ores is n matter nf iin|s>rtmicv, since it atfests tU 
quality of the iron oldainaMe from them. 

Phoephont-H occurs in alloys in the unoxidUed .*dat«. It ti 
directly combined with the motid, forming a phosphide. In tkU 
manner it octurs in mete'otic iron, 'flie alloy phosphor-bronze 
)a made up of cop|>er. tin, zinc, and pluAsphorua. 

Phosphates are mine*! in large qmintitij-s for the use of manure 
manufacturera, and for making p)tos)>lioniK. 

Fhnephonis anrl arwinic closely rewmhle isu-h other in their 
:diemical pnopf riies, mom e«|sH ially those which the assoyer inaki\> 
lue of for their determination. Phosphorus forms sovenU series 
of salts; but the phoenhatea are the only ones which need b) 
eonnder^. Pyrople^ipMte of magnisvia. which is the form in 
which phosphoric oxide is generally weigliod, divert from tlie 
ordinary phosphate in the proportion ol base to sekL Meta- 
phosphates differ in the same war. if these are present, it mvist 
be remembered they set differentiy with some reagents from the 
ordioaiy phosphat^ which are called orihopbo^hates. They 
howew, all convertible into (^thophosphates bf tome tneane 
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win romovft their base, such w fuioii with «lV«iii'o car- 
bonates, boiling with strong adds, Ac .♦ 

Phospbidos MO converted into phosphates by the action of 
nitric add or other oxidizing agents. Dilute acids, when they 
act on the substance, evolve phosphuretted hydrogen ( PH,). The 
student should b© on his guard against losing phosphorus in this 
manner. 

There is no dry assay for phosphorus. All assays for ^ are 
made either gravimetrically or volumetrically. 

The separation of phosphoric oxide is made as follows : — The 
ore or metal ia dissolved in acid and evaporated, tb render the 
silica ingoluble. It is Uken up with hydrochloric acid, diluted 
with water, and treatwl with sulphuretted hydrogen, ifae filtrate 
is boiled, to get rid of the exce.'^i of gas, and treated with nitric 
|4Cid, to peroxidizti the iron pr(\’-^‘nt. If the iron is not present in 
more than sutHcient quantity to form ferric phospliate with all 
the phosphorus present, some frrric cl loride is aflded. The iron 
is then (separated as acetiite. The precipitate will contain 
the phosphorus, tog<*ther with any arst^ine acid not reduced by 
the sulpnupetted hydrogen. The precipitate should have a 
decided brown colour. The prec*ipitate is washed, tronsfeired to 
a fiask, and treaUKl first with ammunia, and then with a current 
of sulphuretted! hydrogeii. The filtrate from this (acidulated 
with hydrochloric ncid, uiid, if necessary, filtered) contains the 
phoaphunis as phosphoric acid. This method is not applicable in 
the presence of alumina, chnunium, titanium, or tin, if the solu- 
tion is effected with nitric acid. The precipitate obtained by the 
action of nitric acid on tin retains any phosphoric or ai^nic oxide 
that may be present. 

A method of 8epar:itir)n more generally applicable and more 
oonv^ent to work is Inured on the precipitation of a yellow phos- 
pbo-molybdate of ammonia,t by the act ion of an excei^s of ammonic 
molybdate upon a solution of a phd>sphate in nitric acid. Dissolve 
the substance by iit^troent vrith aci^l, and evaporate to dryness. 
Take up with lO e.c. of nitric acid, and add so grams of ammonic 
nitrate, tcgetberwith a little water. Next put in the solution of 
ammonium molybdate solution in the proportion of about 50 c.c. for 
each 0.1 gnun erf phosphoric oxide judged to be present. Warm to 
about i<y 0 ^ and allow to stand for an hour. Filter, and wash 


a 

t 


The oontUtQtioD of ibete phosphates may be thtis iUastiated— 


IfafftMdo < . , 

The eomposiiioo of which b— 

MoO, 90.74, PA 3-J4. {NHJ,0 3.57. H,0 2.55 = loaoo. 
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wiih a 10 w cent aolation of ammonio nitrato. It is not neosa* 
saiy that the whoU of tha precipitate be placed on the filter ; but 
the beaker must be completely cleaned. Dissolve the precipitate 
ofiT the filter with dilute ammonia, and run the solution into the 
original beaker. Ron in from a burette, slowly and with stirring, 
” magnesia mixture," using about 15 c.c, for each o.i gram of 
phosphoric oxide. Allow to stand for one hour. The whito 
crystalline precipitate contains the phosphorus as ammonium- 
magnesium phiMphate. 

Phosphate of lead is decomposed by sulphuric acid ; the lead is 
converted into the insoluble lead sulphate, and the phoephurio 
arid is dissolved. Phos['hate of wp{^r and phophate 01 iron 
may be trvntcd with sulphun^tt* d hydnvcu ; tlu* t'oniirr in an 
acid, and the latter in an alkaline, solution. PI lo^^phatc of alu- 
mina is generally weighed without separation of tlio alumina, 
sine© this reijuirts a fusion. In all csum s the aim Ls to get the* 
phosphoric oxide either free, or comidncai with some inetal 
photspliate is soluble in ammonia, 

Joulies methol of sepanitioti is fuHows: — Orie to ten grams 
cl the sample are treated with hytlrxK:lih>ric arid, and evaj>orated 
to dryness witb the addition (if any pyriU>a is prvsent) of a little 
nitric arid. Tlio residue is tak* ri up with hydixK'ldoric acid, 
cooled, transferred! to a gniduat.**] tla-k, and diluted to the mark. 
It is then shaken up, filtered thnnigh a <1 y til^ r.and a iiie^Lsurcd 
portion (con Eaiiring a lx Hit 0.05 gnim of ph<^|>lu»rie at'id; tmns* 
feired to a small Iseaker. T» n c.c. of a citric arid solution of 
magnesia* t.s addtvl, and then an t xee.ss of ammonia. If an 
immediate pn-cipitate Lh formed, a fii >h |«>rtum niu-t in<':isure<l 
out and tr»-iiU'ti with 30 c.c. of the eitrito of inagm-sia solution 
and with ammonia as Ud'ore. Th*^ U-iiker is put ,*L-ide fur from 
two to twelve hours. The pn^ ipitat** U tin filtt'isHl off and 
washed with weak amnu>iua; it conUins the piuisphonui as 
amsumium-magnesium phciq^hata. 


Q&AVnCRTEIO DETEBMINATIOH. 

If the phoephato U not already in the form of ammnnic-mag* 
name pbo^bate, it is convertetl into tiiU by the atldition to its 
•oluti^ of an excess of ammonia and ** magnesia mixture." In 
onW to get the precipiUte pure, the “ magne^da mixtttiw ” is run in 

* This !■ made by adding 37 grami of magniwittia carboi^ (a lUlt« at 
a tiiD«) to a iototion of 270 gtarns of diiie arid ta ^joc.e. of warn water ; 
and. whm dl«erir«d. adding 400 c.c. of dilute ammooU, and making up Lh« 
bulk to I litre; 20 of th« aolatioe ia-eefBcicnt f<wo,l gramof r| 0 ,t 
aUhoagli ttora will be repaired if much troa or alauifia UpreeMt 
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g^usUy drops) from a burette, with oonstent egrrimr A 
^telliue precipitete at once falls, if much phS;^ fa 
pr^nt , but, if there is only a small quantity, it may t^an hour 

for twelve or hfteon hours (overmght) before filtering. The pre- 
sence of tertenc aad should be avoided; and the appearani^ 
the procipitaw should be crysUlliue. The solution fadecant^ 
through a filter, and the precipitate washed with dilute ammonia 
usmg ^ttle as may be necessary. The precipitate fa dried,’ 
transferred to a weiglied llcrlm or platinum crucible ; the filtS 
paper is ^refully burnt, and its ash added to the precipitate, 
which IS then ignited, at first gently over a Bun.sen burner, and 
then more strongly over tlio blowpipe or in the muffle The resi 
flue wa w^tomafis of miigaasium pyropho.^phute containing 27.02 
per cent of phosphorus, or 63.96 per cent, of phosphoric oride. 


VOLUMETRIC METHOD. 

Instead of ?seinratin;4 and weighing this compound, the phoe- 
{■honc oxidt? in it can 1 k> JetcTinined by titration. In many cases 
the ore ma_> U* di^viUcHl and immodiately titrated without pre- 
vious septimtion. It is iK'tter, however/tdMarry the separation 
so far Its to get phfi-plviric aci<i, an alkaline phosphate, or the 
magnesia precipitate. It imty then be preiKtred for titration in 
t ho following way The pneipitate in the list case (without 
t;iu(d| WiL^hitig) w ilissMlvcMi in a little hydrochloric acid, and the 
solution in any csLse rsMidercni fairly acid. Dilute ammonia is 
abided till it is ju,si alkiLline, and tiien 5 c.c. of the sodic aretate 
and afxdicju'id nuxtun» (as dt^scriUnl under the ^Vrsenic Assay). 
Thia should )ield a cle;ir dist iiu tly acid solutiou. It is diluted 
to 100 or 150 C.C., hcsited to boiling, and titrated with the ura- 
pium acetate solution, ttsing that of pot-assic ferrocyanide as 
indicator, 

Tlie standard rdidum rwpnrwJ is made by dissolving 35 grams 
of umnium acetate in water with the aid of 25 c.c. of acetic acid, 
and diluting to i litre. 

An a^troicrii 0/ phatpfuyrie (uids is made by dis- 

solving 25.21 grams of crystallised hydric disodic phosphate 
(flNa^PO^i iHjO) in wat«r, and making up to i litre. 100 c.c. 

oemUm 0,5 gram of phosphoric oxide (P,Oi), or 0,2183 
of phoaph<nii& In making this solution, transparent crystals only 
must be used. Tho uranium acetate solution is only approxi- 
toetely equivalent to this, so that its exact standard must be 
dvterniined* 
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Scdic A^dat4 tmd Aoeiic Acid Soluiwn,^Xt is thd saiM M ihfti 
described under Anenic.* Use 5 c.c« for each assaj. 

The following experiments sliow the effect of variation in the 
tondifcions of the titration : — 

Effect of Varying Temperature. — The solution should 
be titrated while boiling. Tins is especially neoess^ for the 
last few C.C. in order to get a decided and tlxed Bnishing point. 

Temperature . I5*C. p* 0 , 70* G. loo* (X 

** Uranium " required iS.o c.e. 19.2 clol 19.0 c.o, iS.9ao. 

Effect of Varying Bulk.— 

Balk .... 500 c.c. 100 0 c.a 200.0 c,g. 3000 c.0. 

** Uraai am ** required i&A „ 1S.9 „ 19.0 „ 19.3 * 

Variation in bulk sirt‘cts the r»>uUs ; thercfopp, a constant bulk 
should be adbennl to. • 

EiTect of Varying Sodium Acetate and Acetio Acid 
Solution.— 

Sodium acetate 
and 

acid solution 0.0 c,c. 10 c c. 5,00,0. 100 c.o. 2aoo.o, 

*• Uranium re- 
quired . . 1S.9 „ 189 „ I9r 188 „ 17.5 « 

As in the titration with arsenates, an cxce^ is dangerous to 
the as»iy ; a definite qiuintity (5 c.c.) should, therefore, be used. 

Effect of Foreign Salt^ — tbe soilium acetate, Ac., 
added, the only ndts likely to be present are tlu^ of ammonia 
and magnesia. In three experiments, in one of which no foreign 
«dta were introduced, while in the other two 5 grams of ammonio 
chloride and of magnesiam sulphate respectively were added, there 
w me required 

^tb ammonic chloride • • 18 800. ** Uranium "aolQUoQ 

With so [pirate • • 10.0 « • 

Without foreign sAltii . . • 18.9 ,• « 

Effect of Varying Phosphate,— 

** Fbofphate ** soioti<m added 100 cjc . 200 e.a 500 e.0. loocoA 

"Uraidam* required . . 9,8 • 18.9 „ 47A „ 94.5 « 

Ute quantity of phosphoric oxide in the aMsy solutkm for tbe 
eondtikii of tiUaoon ahouJd wA be moeb lees thfn 0.05 gnun. 


• farihedslellief the tkndeB,lhe stadeet is referred te lbs mm 



PHOSPHOBU-S AM) PHOSPHATE8, 


399 


For imaller quantities the uramum solution should be diluted to 
half its strength, and the assay solution concentrated by reducing 
its bulk to 50 cx. and using a. 5 c.c. of the sodium acetate and 
acetic acid solution. 

Determination of Phosphoric Oxide in Apatite. — Weigh 
np 0.5 gmm of tlie dried and powdere<l sample, and dissolve it in 
3 C.C. of hydrochloric acid. Evapomte to a paste, add 5 c.c. of 
the sodic acetate and acetic acid solution, dilute to 100 C.C. with 
water, boil, and titrate with uranium acetate solution. 

In an example, 0.5 gram of apatite required 37.4 c,c. of uranium 
at-etiite solution (stiunhud equal to 0.5291 gram of phosphoric 
oxide). The samido therefore contained 0,1979 gram of P,Oy 
equal to 39.58 jier cent. 

Detor^nation of Phosphoric Oxide In an Iron Ore. — 
Take 10 grams, lrK>il with 50 c.c. of hydrochloric acid, and evapo- 
rate to a [siste ; take up with 10 c.c. of dilute hydrochloric acid, 
and dilute with water to 400 c.c. Psiss sulphuretted hydrogen 
f«r nearly a quarter of an hour; warm, and filter. Boil off the 
excess of gas; cool, add Jimiuonia till nearly neutral, and then a 
few drop* of ferric chitjridc soluiioii, and 4 or 5 grams of sodium 
acetate, with a drop or two of acetic acid. Boil and filter. Disr 
solve the precipitate in hot dilute hydrochloric acid, and add 
citrO'magiu-Aia mixture and ammonia; allow to f^tand overnight; 
filter, ignite, and weigh. 

In an example, 1 0 p*ams of ore gave 28.5 milligrams of magnesic 
pyrophosphate, which is w|uivaleiit to 0.18 per cent, of phosphoric 
oxide. 

Detormloation of Phosphoma In Iron.— Take from 2 to 
10 grams (acwrtUng to tlie amount of phosphorus present), and 
disaoire iii a<jua re* gui, kiHqung the nitric acid in exce^ ; eva- 
porate to dr\'nejiii and take up with hydr^K-ldoric acid, boil, 
dilute, and fiiter. Add to c.c. of nitric acid, nemly neutralist 
with ommonm, render acid with 3 or 4 c.c. of nitric acid, and 
aiid 10 or 20 c.c. of umuionic molylnhite solution. Heat for 
some ttm«, alhov to tiio, filler, and w^isli the precipitate wi^ 
a solution of nit nit e. Dissolve the precipitete m 

dilute ammonhit nearly n<MitniU.sc with dilute hydrochloric acid, 
and add firat “ magnesia mixture," and then ammonia; ^owto 
stand overnight ; filter, wjidi wit h dilute ammonia, dry, ignite, and 
weigb M pyrophosphate. Cakuiato to phosphorus* 
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mOTICAL KXERCISBa 

t. Tan gruD* of va iron ii rniillgrajiu of pTrophoiphnto of 

magsealn. Wbnt perceotago of pboipbortM did the aaeui 
Gootninf 

2. Ten cnuns of an iroo ore gave it niilligrama of pyrophoepbnU, 
What percentage of phosphoric oxhii* dui it contain f 
3* What weight of ajiatite jCa,''l*Oj'j.CaClK would ret^uire jo ac. of 
stamdiJd uranium i.olutioii (loo c c. equal to 0,5 of P,Oj}. 

4. Too bare reason to believe tlmt a precipitate which has been weighed 

as magnesio prropbospitate contain.^ .<u)me arxenate. How would 
you determine the amount of phosplmte rcalij present T 

5. Tw«itTC.c. ofafcdution of sodio phosplmte containing <x too gram 

of P,0, was found to rt^quire a solution cooUining 0.700 gram of 
hrdrmted uranium acetate in a titration. The procipitale coa> 
^ains 8a09 per cent, uranium oxide and 19.91 per cent, of phus- 
tdiorio oxide. What Mrceniage of oramutn oxldo was ooniained 
m the armnio a^MiUte i * 


NITROGEX AKD XITRATESL 

NitfOgoa occurs in nature in the free stiito, and forms about 
fooT' fifths of the atmosphere. In com bfmt lion, as nitrate, it is found 
in nitre (KNO,), and Chili saltpetre (XaNO,), rainemla which 
have a oommertial importancei The iattor occurs in and is 
extensiwelj worked for u.so as a manure and in the prcfiaration of 
nitrie adtL 

Nitrogen is mainly cli.aracterised bj negative properties, although 
many of its compounds are very energetic b^es. It U a gas, 
present everywhere, but so inactive that the aHsayer can alvrays 
afibrd to ignore its pre.'M^nco, and, except in testing furnace 
gases, Ac., he is never calhd on to <ietenniiie its quantity. 

The nitrates are an important ckss of salts, and may lie looked 
on as compounds of the bases with nitric penttixido (N,Oj. They 
are, with the exception of a few liosic com[>ounds, soluble in 
water, and are remarkable for the case with which they give tip 
their oxygen. The alkaline nitrates fuse readily, and loae oxygen 
with efTerveeoence forming nitrites : while at a higher temperature 
they yield more oxygon and lose their nitrogen, either as a lower 
oxi^orae nitrogen. The nitrates of the metals, on heating, leave 
the oxide of the mcftaJ. It is as yieiders of oxygen that nitrates 
are 10 largely used in the manufacture of explosives. Gunpowder 
eontains frtnn 65 to 75 per cent, of potassium nitrate (nitre). 

NitnUes are best detected and detenained by ^heir yielding 
nitrie oxide when treated with sulphurio add and a suitable 
ledoeiiig agent, sueh as ferrous sulphate, menmiy, or ooppsr. 
Nitric OMd k a coloarkai gas very iHghtly aolubU in water. It 
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combines at once with oxygen, on mixing with the air, to fonn 
btwn «mtrou8 fumee,” and dissolves in a solution of ferrous 
sulphate, producing a characteristic bladdsh-brown colour. It is 
this colour whidi affords the best and most easily-applied test for 
nitmtea. The sul^sUvnce suspected to contain nitrates is dissolved 
in about i c.c. of water, and treated with an e^ual volume oi 
strong sulphuric acid. After cooling, a sfilution of ferrous sulphate 
is poured on its surface, so as to form a layer resting on it. On 
st^ding, a brown or black ring is developed where the liquids 
join, if any nitrate or nitrite is present. Nitrites are distin- 
guished from nitrates by effervescing and yielding brown fumes 
when treated with a little dilute sulphuric acid. 

The separation of nitrates is in many cases difficult, Geneially, 
on treating the substance with water, the nitrate will be in the 
solution, and is filtered off from any insoluble matter. In the 
exceptional cajses it is got into solution by treating with a boiling 
solution of sodium carbonate ; the filtrate will contain it as an 
alkaline nitrate. 

Since, however, in their determination, nitrates are never 
sepamteil and w-eighed as such, the difficulty of separating them 
has little importance. Usually, the determination can be made on 
the original aqueous solution, and it is never necei^^iy^ to do more 
than remove any special stiWtanee which has a had effect ; and this 
is easily done by the usual reagenta, 

GRAVnirETHIC DETEBMUrATION. 

It follows from what been said that there is no direct gravi- 
metric determination. The percentage of nitrogen pentexide 
(N.Oj) in a comparatively pure nitrate is sometimes determined 
indirectly in the following way Place in a platinum-crucible 
4 or 5 grems of powdered and cleaned quartz. Ignite, cool in a 
desiccator, and weigh with the cover. Mix i gram of the dried 
and powdered salt with the quartz in the crucible by stirring with 
a stout pls^inum-wire. Cover the crucible, and heat in a Bunsen - 
burner flame at scarcely visible redness for half ^an- hour. Cool 
and weigh. The loss in weight gives the amount of nitrogen 
pentoxide. Sulphates and chlorides in moderate quantity do not 
interfere. The following is an example of the process 
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Cniciblo uid sand » . • • * 266485 grams 

Nitre taktn • . . ' • • • ixxXM » 

*7.6485 « 

Wdgbi altar IgaiUon * . . . 27.1160 ^ 

Lore 00 ignition ...... 0.5325 i« 

Thia it eqtial to 53.25 per cent, of nitrogen pentoxide. 


VOLUKETBIO DETERMINATIOIT. 

Th» is based on the oxidising action of nitric acid, or of nitrat«i 
in add solutions on ferrous sidts. Tlie jv>ntoxide (K, 0 ,) the 
nitrate is reduced to nitric oxitU (NO), so that 336 parts of in)n 
peroxidised represent toS p:irt.s of nitric pentoxide as oxidising 
agent.* The quantity of iron jM»roxidise<l is determined by taking 
a known quantity of ferrous salt, oxidizing with a weighed 8.ara pis 
of nitrate, and then determining the rT‘>idnal ferrous iron 
tittation with bichromate or p^^rmanpinate of potassium solution 
The differenc* between the ferrou.*! iron taken and that found, give* 
the amount oiidize^l by the nitrate. The speed with which nitric 
oxide takes up oxygen fn>m the air, and thus l)econies capable of 
oxidising more iron, renders some pnTautiuns nm^x^iry ; ferrous 
chloride should, therefore, be used, since it is easier to exp<*l 
nitric oxide (by boiling) from solutions of a chloriile than it is from 
those of a sulphate. The process is as follows : — Dissolve 2 grams 
of thin soft iron wire in 50 c.c, of hydrochloric acid in a flask pro- 
vided with an arrangement for maintaining an atmosphere of 
carbon dioxide. When the iron luis dissolved, allow the fwflution 
to cool, and add 0,5 gmra of the nitrate. Heat gently for a fbw 
minntes, and then boil until the nitric oxide is expfdled. An 
atmosphere of carbon dioxide must be kept up. Dilute with 
water, and titrate the residual iron with standard sfflution of H* 
chromate of potaamum. The standard bichromate ” is made by 
dissolving 17.5 grams of the salt (K,Cr,0,) in water, and diluting 
*0 I litre : 100 c.c. equal a grams of iron. Deduct the weight of 
iron found from the 2 grams originally taken, and multiply by 
0.3314. This givee the weight of the pentoxide in the oample. 
In an example, 0.5 gram of nitre was taken, and 59.4 c.c. of tbs 
'‘bichromate** solution were required. The 59.4 c.c. thus use^l 
are equivalent to t.198 gram of iron. This leaves 0.823 gram al 
the quantity ouidised ^ the nitre, which, multiptied by 0.3314 
gives 0.3643 gram for the nitrogen pentoxide, or 53.8 per cent 


e 4 6FeO w iFn/), 4 aNQi 
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aASOMETBip METHOD. 

Tttis is based upon the measurement of the nitric oxide evolved 
on sh^Dg up a weighed quantity of the nitrate with sulphuric 
acid over mercury in a nitromoter. Each c,c, of nitric oxide 
obUunedf when miuced to normal temperature and pressure} is 
equivalent to : — 

0627 milligram of nitrogen. 

*•341 » of nitric oxide. 

3.415 H of nitric pfjotoxide. 

3.820 « of nitric acid 

3.805 „ of KOfiium nitrate. 

4.523 p, of potasriiim nitrate, 

Tn working on 8ul>stances not rich in nitrates, an ordinary 
nitrometer (fig. 69) is use<l; but in the assay of sodium nitrate, 
tiitroglycerine, Ac., an instniment 
provided with a bulb having a 
capacity of 100 c,c. is emploved. 

The plan of working is a.s fol- 
Jowa :—Tlie “ measuring tube " is 
filled with mercury until it reaches 
up into the tap, and the levelling- 
tube is placed so that it contains 
an inch or two of mercury. If 
the nitrate is in solution, 3 or 3 c, c. 
of the liquid (dilute liquids are 
brought to this bulk by evapora- 
tion) are measured into the cup. 

The levelling'tabe is lowered a 
little, and the tap cautiously opened 
until all but the last drop of the 
litjuid has run in. The cup is then 
rinsed with 2 or 3 c.c. of sulphuric 
fkcid, which is run in in the same way, 
and the operation is repeate<l with F». 6^ 

another lot of acid. The measur- 

ing-fcube it now taken from the clamp, and shaken for tw^ 
three minutee, until no more gas is given off. It isrepla^ 
and the mercoryderel in the two tubes adjifeted. Then it is 
allowed to stand nntil the fioth has subsided, and the gas 
oooled to the temperature of the room. The volume of 
gas is then read off. In mljusting the level, aooount mw 
UluA of the sulphric acid in the mea^ring-tube ; w 
allowed for if having the mercury higher m the other tube by, 
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ny, 1 mm. for «Eoh 6.5 mm. of sulphuric adu, or it is oounWr 
pcused by an equal height of suiphorio acid in the level 
ling'tube, in which case the two mercury'leveU are made U: 
Mtfrespond. On opening the tap after reading off the volume, 
there ahould he no cha^ in the level of the mercury. If it 
should rise or fall a little^ a slight increase or decrease (stiy o.i c.c.) 
is made to the volume previouriy read off 
In working with nitrate of soda, drc., in the bulb nitrometer, it 
is neoeesaiy to take a quantity of the substance which will yield 
more than too and lees than 1 jo c.c. of the gaa 
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CHAPTER XVHL 

SILICON, CARBON, BORON. 

SILICON AND SILICATES. 

lx amaying, more especially producte direct from the mine, there 
LB always found, when the rock is silic^us, a quantity of white 
aandy>looking substance, insoluble in acids, which is sometimes 
accompanied by a hgbt gelatinous material very difficult to 
filter. TliU is variously described as “ insoluble," “ sand,” “ in- 
Boluble silicates/’ “ gangue," or “ rocky matter.” It may be 
pure quarts ; but oftener it is muted with silicates from the rock 
containing the mineral. Some silicates, but not many, are com- 
pletely decoin poeed by boiling with hydrochloric acid or ^ua 
regia ; and others are [lartly so, they yield a gelatinous precipitate 
of ailioa which greatly interferes with the filtering. It is a 
common practice with assayers to carry the first attack of the 
sample with acids to dryness, and to take up with a fresh portion 
of add. By this means the separated silica becomes granular 
and insoluble, and capable of being filtered off and washed with 
oomparativo eaae. 

This residue may be ignited and weighed ; and be reported as 
■0 much per cent, of “ silica and silicates insoluble in acids. 
UnhNM specially wanted, a determination of its constituents need 
not be made. When required, the analysis is best made on the 
ignited residue, and separately reported as “ analysis of the in- 
soluble portion.** 

Silicon only occurs in nature in the oxidised state j but the 
oxide genuraily known as silica (SO,) is common, being repre- 
senled by ibe abundant minerals— quarts,^ flint, Ac. Silica, 
combined with alumina, lime, oxide of iron, magnesia and the 
alkeliee, farm* a large number of rock-forming minerals. Most 
rock-masiea, other than limestones, contain over 50 per cent of 
silica. The* following are analyses of some of the commoner 
sUioatoi ; but it must be noted that theee minerals often show 
great varieOtm in cwnpcaation. Tliis is more espedally tm U 
eliioriti^ aohorl, bomblenik and augUe. 
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fiSUooin from a chemical point of view^ is an interesting body, 
it combines with iron to. form a silicide ; and is present in this 
condition in cast iron. Only in the case of the analysis of this 
and similar substances is the assayer called on to report the per- 
centage of tUicon. Silicon is readily converted into silica by the 
action of oxidizing ogr uts. Silica forms only one seijes of sfdta — 
the silicatea — which have in many cjirs a complex constitution ; 
thus there are a large numtier of double silicates, which vary 
among themselves, not only in the relation of base to add (which 
is the essential dillerence), but also in the ratio of tlie bases between 
themselves (which varies with alinoit every specimen). 

Silica is detected by boating the substance with a fluoride and 
sulphuric a<’id in a plutlnum-crudble. On bolding a i-od, moistened 
with a drop of water, over the eijcaping fumes, the white crust of 
silica formed on tlio drop of w*aier sliows its presence. The 
T^jlubility of a frtgint nt of the mineral in a bead of micro- 
cosmic salt, Ls alsAi a vrry goo<l test; the fragment, on prolonged 
heating, tloe« not b>sv its angvilar form. 

There is no dry jis- iV f'=r this sulv^tance, nor volumetric method ; 
when the detern.in: H m is rr;juired, it is carried out gravi- 
metrically and, rdiy, by the following plan. ^ 

If the aamijh* n>nta[ns t»xides, sulphides, ic., in any quantity, 
these are first dis>/>lviKl out by treatment with acid, e^'aporated to 
dryness, taken up with hydrochloric acid, and filtered. The 
dried residue Is in the same wsiy os the silicates. Some 

silicates art? (vimpleUdy decompa'^^ by such treatment ; but it 
saves time (u^b‘^^s one is sure that no undeco mpo,sable silicate is 
present) te treat the.st* in the same way aa the others. On tlio 
other hand, there are some silicates which ana only attacked with 
difliculty 6Vcn by fusion with alkaline c:irl)onates ; consequently, 
it is always well to have the sul>stflnce rvHluce<i to the finest state 
ofdivwkm by careful powdering, as this givatly the sub- 

sequent action. With very’ hanl silicates, the grinding away of 
the mortar in this openitinn will l>o percept iide; the foTCign 
matter ihtts intnshuxHl must not Iw ignore*! Pixwiously igniting 
the subdanco sometimes ruedsts the powdering; but it is to 
useasted mortar. The particles of steel can be wmovo<l by a 
magnet, or, where the nature of the sul^tanc© will allow it, by 
boiling with % little dilute hydrochloric acid. • 

The dried and powdeml material is iutimately mixed with four 
timeaiti weight of “fusion mixture” in a platinum'Crucible or 
<hsh. It It Aea moderately heated over a Bunsen bwiier, ^d 
afterwtrdt more strongly fu^ over a blast, or enclosed m ^ clay 
micibk in iim wmd-fttrwwt. The aeUon is continued until the 
r^iMd mnst it pw^ectly tx%nqmL With veiy refractory aubstajices, 
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the MtloB must be l<mg continued at a high temperatuie. Whcu 
Bufficientlj oold» the oruoible U examined to tee that no partidea 
of foreign matter are adhering to ita outer surface. It ia then 
transfeim to a fire- or siz-inc^ ovaporating-dwh, where it» con- 
tents are acted upon with warm abater for some time. The ** melt ** 
will slowly diaaolre, but the solution should l)e hastened by keeping 
Uie liouid moderately add with hydrochloric add. When the 

melt” has dusoived^ dean and Remove the nlatinum-dish, and 
eraporate the solution to a paste. * Continue tne evaporation to 
dryneea on a water-bath (not on the hot plate), and whilst drj'ing 
stir with a glass rod, feeling at the bottom of the dish for any un- 
fused particles, which, if present, can be detected by their gritti- 
ness. If there U much grit, it will be necessaiy to repeat the 
af»ay; but with a small quantity it a'ill only be necessary to re- 
fuse the grit and silica after ignition. 

During solution of the melt ’’ and evaporation (which may bo 
carried on together), a clear solution will not be obtained, a 
flocculent silica will separate out, and towards the end of th<' 
evaporation the mass will get gelatinous. The drying of tin* 
jelly must be finished on the watiT l«Uh ; first, liecause at this 
temperature the silica is rendered inxiluble in hydrochloric acid, 
whilst the solubility of the alumina, iron, Ac., U unaffected, which 
would not be the case at a much higher U^mperature ; and second, 
Mcaose the gelatinous residue rt'ipiires very cautious drying to 
prevent loss from epirting. 

When dry, the substance is moistened, and heated with strong 
hvdrochloric arid, and the sides of the dish are washed down wttli 
water. The silica is washe<l by decantation two or three times 
with hydrochloric arid and hot water, before being thrown on to 
the filter. The filtrate U again evatscimted to dryness, taken up 
with a little hydrocldoric add and wat^ and again filtensl. 
The reddue on the till*‘r is silica. The two lots of dlioi are 
washed frtw* fron* chh»rid«s with hot water, dried on an air- 
lath, transfirrcd to a platinum-cnidUe. igniU'd gently at fir>t, 
at last strongly over the blast or in amuHlG, cooled Ui a destooator, 
and webbed. 

The white powdery predpiiate is rilica (BiO.), and its weigla, 
multiplied by lo^ and divided by the weight oi ore taken, givtv 
the percentage orsUica in the sample. Where Uie peroentage of 
liiicon b wanted, which b very rarely the case, it b got by multi- 
plying thb result l)y 0.4667. It b always ncceHary to exntnins 
the parity cl the body weighed as silica. Tliis Is di.tie by n- 
fining the materiel weighed, and re-determining the sUica in it ; 
or, iwtter, by tnixiiig a wished potifoo in a pbmum-dbh with a 
Huip sUoitg aolpi oiie add, ooviging with bydrofitMffht acuii and 
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erajMratln^ In the latter case, the silica wUl be oonrerted into 
fluoride, which will be driven oif, and the impurities will be left 
behind ae sulphates of barium, phosphate and oidJe of tin, 
titanium, Ac. This must bo weighed and deducted from the 
weight of the silica. In a complete examination of a silicate it 
sbo^d be treated with the precipitate containing alumina, fen ic 
oxide, Ac. 


EXAMINATION OF SILICATES, 

The student interested in the analysis of ro<'ks and rock-forming 
minerals is advised to consult a valuiible paper by Dr, W. F. 
llillobrand in the Bullttin 0/ the United SUUee Gedogical Sv/rvey^ 
So, 148, to which I am very largely indebted in the revision of 
tin* following pages. 

Moisture. — Five grams of the powdered sample is dried 
l>elweeD watch-gUsstw in the water-oven for two hotirs, or till its 
weight is constant ; and the loss is reported as water lost at 
100^ C. The rest of the determinations are made on this dried 
nhnerui. 

Combinod Water, Ac. — Weigh up i gram of the substance, 
and ignite over the blowpipe for some time in a platinum-crucible, 
cool in a desicaitor, and vveigl:. Record the loss as “loes on 
igthtion/’ not as *‘of'n»bin([*d water.” 

SLUoa. — The ignition should have been performed in an oxidising 
atmuapbere in a muffle or over a slanting blowpipe flame; this 
will minim the oxi<Utiou of any pjrites or other sulphide 
present, which if unoiidi.*ieti would injure the crucible in the 
next operation. The igiiittnl rt^idue i.s mixed with 6 or 7 
grams of anhydrous sotii ttn carbonate. This reagent should be 
the purest obUwnable, but it-i purity should be checked, or rather 
its imnunties should 1)0 dcU^rmintnl by running a “check” or 
’‘blank” asssy sdth 10 grams of it through the stages of the 
analysis; the impurities will be chiefly silica, alumina and lime, 
and alt^her they ought not to exceeii i milligram. The 
crucible with the mixttire is heated at flrst gently over a Bunsen 
and afterwards more strongly in an oxidising atmosphere in a muffle 
w over the bluwipupe. The fusts! mass is allow^ to cool in the 
crudble, and is then dim>lvisl out in a basin Vrith water and a 
Rmail exM hydrochloric acid. After the removal and cleaning 
”f the cnidble,^ th^ liquor is ovaporated almo^'t to drynesa. 1^. 
llitletwaiid advisee stopping sliort of complete dryness, Ine 
residue ii tak«i up with a little hydrochloric acid and water and 
tilterad and VMhed, llie lifpior, incliHUng Uie wmOting^ 
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mporated and taken up with water and a little add. ITsually 
about 1 per cent, of silica will be thus leoovered. It is to bo 
b.:ered oS and washed and added to the loain silica. Tiit 
filtrate is reserved. The silica, thoroughly washed, is dried and 
ignited at a high temperature for twenty or thirty minutes, h 
is then weighed in a platinum crucible. After weighing it 
treated with hydrofluoric acid and a little sulphuric, careful) s 
evaporaU'd and ignited strongly. Tlio iv.^iduis uhich in extreme 
ca.^ may amount to a or 3 f>cr cent, of tlie rock, is weighed and 
dwlucted from the weight of the impure silica. It is retained in 
the crucible. 

AJuncdna, &c.— The filtrate from silica is trcjited by th** 
basic acetate method, 'lliat Ls, it is fii^t treated by a cautiou> 
addition of a JM^lution of s<xla, almost to the point of producing, 
a precipitate, iii order to neutralise the exce.<s of acid ; 3^01 
3 grams of so^iium acetate are added, ami the w‘hole i>oi!ed for a 
minute or so. Tfie prt*cipitate is lilter\**i otV ainl wa.'^liod onl} 
slightly. Have the tilt rate. The pr<M‘i|»lt:tte is dissolved in 
hydr chloric, or, (vrliap* K‘tr* r, in nitric acid ; and is reprecipi 
tated by adding an exutiss of ammonia and boiling. The precipi- 
tate is flUcrod and unv^ho'! wii'u water containing 3 per cent, oi 
amEnonitim i.idr.tEe. hlUates are evapomted hcj>amtt-ly to 

a small bulk. dn>:> i-r two of ammonia Innng luUlod to th> 
lecond toward^’^ tht* hidsh. They uru next filtered into a 0 
or 8 -ounco ila.^k through a small filter, the second liltrat. 
coming after, and serviisg in a iiiunm r as wash water for ti ^ 
first.*. The two washed aiumijsa pnTipil.'iU'ware tlricd aial phund 
in the platinum crucible c^ nuirantr the nsiduc fia>m siliisi uftu 
treatment with hydrofluoric acid. Tl»cy arc then ignittal in a: 
oxidising atmcxsplicre at a high temjx raturc for aUmt 10 minuUv 
The weight, inrluiling that of the reriduu from the siiic.*!, U noU<; 
as that of ‘^alumina, Ac.” 

The weigheil oxides are next fused with hisulplmte of pola.-'d 
for some hours. The bl^ulplmte should have lieen first fused 
apart, until the efferveacence from tlm c^.ipe of steam h-c 
stopped. The melt is dissotve<! out with cold water and diiuu 
sulpbaric add, and any insoluble residue U filtered ofi*, washi d, 
igBited and webbed. The filtrate is reserved for determinatiuic 
Of mm and Uu£ium. The residue, after weighings may be ireab 1 

* If Uw dishea ahow a rnanganaie ataln. waab thasi oat with a few do p* 
if bydrocbloHc and aalphnrooa adds. Fem tha acid ilquof Unoogh 
•an* Aoail iUtsr bat collect iha llqaor apart. Haiti attuacniacal iad agaiR 
MMi thtoogb the liter, thfe thae cdlectiin the liqdd wtlh the 

titrate. 



SILICON AND 8 IL 1 CATB 8 . 


411 


with b^drofloorio uid sulphuric adds for any tilica,* which would 
be determined by loss, it may be tested for barium sulphate b]? 
treatment with hot strong sulphuric add: in which this salt 
dimlvea, but is again insoluble (end go comes out as a white 
orecipitate) on diluting with cold water ; the acid also must be 
oold before adding the water. The filtrate containing the iron 
is reduced with sulphuretted hydrogen, boiled till free from that 
gas, filtered and titrated with a standard solution of perman* 
ganate of potussium. The iron fotind is calculated to ferric oxide 
by dividing by .7. The iron solution after titration serves for 
the determination of titanium oxide (TiO,). This Js done colori- 
metrically, by ad'ling peroxide of hydrogen free from hydrofluoric 
acid, and comparing the brown colour produced with that pro- 
duct by the addition of a standard solution of titanium to an 
eq6al volume of water coniitining sulpliuric acid ^ The alumina 
is determine<l by dilTerence. From the weight of the combined 
precipitate which luia [»een nr^uded as “Alumina, ic,," deduct 
(l) the residue, insoluble, after fudon with bi.^uljdmte ; (2) the 
ferric oxido ; (3) the titanium oxide ; and (4) tlie phoj«phoric oxide 
(P|Oj), tl»o amount of whicli is subsequently determine^! in a 
gc|jarate portion. This gives the nlumina 
tfAnganotifl oxide, The filtrate from the “alumina, 
Ac. * ctmiiiincd in a 6 or 8-ounce flask, whicli it nearly fills, is 
made (flight ly alkaline with ommoiiia and treated with a small 
excess of ammonium fiulphlde ; the flask is tlnn corked and 
placed on one side for homo time (a day or sfi) so that the 
manganese suljdnd may wqKirale. Thu prc< ipitate is filtered off 
and wash^l with water containing ammonium chloride and a few 
drops of ammonium sulphide. Tiie filtnito is reserved for lime, 
Ac, The precipitate is digesUM with sulphuretted hydrogen 
water, to which one-fifth of its volnmo of .‘'tn>ng hydrochloric 
arid has been addni ; tlh.s dissolves the sul|*hides of zinc and 
manganese ; any hhick resit! ue should be te>ted for copper and 
per^pe The solution is evapratod to dryness, taken up 

with a little water and treateil with a small excess of solution 
of carbonate of aoda. It is hwled and ogJiin evaporated, washed 


• This rarely amotmlf to more than I afillgrann t . . , 

t To ibis, diwoko 1 ertaa of tiiAnium oxide Bv fostog for some 
Uanwfch tB o( bi.oIpha!e of Mtash ami dissolve 

wat«r ud wlpbario icW. Dilute to I liUe. 

law this W aa flf atlong suliihurlc add : I c.o. will coniiiin -oi gram c 

no, Fw Uw u«» Ufcf 10 &0. of this, add 2 c.a of peroiide of 
MddIl8l*«o iwoo. Run this from a bnretto into the Sask o®® 

ooUmnub of tbtumj. Sich 0,0. aqu»ls « oi ^‘ 0 ,. 

nuprltee bmI be atenk 
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out with hc 4 wftter uid filtered on to a small filter, dried, ignited, 
end weired as M111O4. It is calculated to MaO. It may 
contain, and should be tested for oxide of sine, which, if present, 
must he deducted. If the dish becomes stained during evapora- 
tioo, take up with a few drops of bydroohlorio and sulphurous 
acida, eraporate, and then treat with carbonate of soda. 

Idme, dtc. — The filtrate from the manganese sulphide is 
boiled, and without cooling, treated with ammonium oxalate in 
Julian, which also should be heatM to boiling. The liquid 
m filtered off and reserved for magnesia. The precipitate ia 
dissolved in very little hydrochloric acid and reprudpitated by 
adding ammooium oxalate and ammonia to the toiling solution. 
The filtrate and washings from this are reser\'ed for rnagn^ia. 
The precipitate is either dhsolvixl in dilute sulphuric and titruUnl 
with permanganate of potash as dc^'iilxHi under lime (p. ^3); 

it is iguited and weighed as oxide. In thU list case it may be 
examin ed for barium and strontium, the former of which will 
rarely to present 

Magnesia.— The filtrate from the first lime precipitate h 
treated with sodium phosphate and ammoni^i, and allowed to 
stand ormnight It is then filtered. The precipitate itt dheulved 
in bydrocblortc add ; the solution U filtered into the beaker con- 
taining the solution from the second lime precipitate. Ammonu 
and sodium phosphate are again addetl, and the predpitate, after 
standing, U filter^ off, wash^xl with water containing ammonia; 
it is then dried, ignited and weighed as magnesium pyrophosphate. 
This is calculated into magiujr'ia. 

Poti^ and Soda*— Weigh out .5 gram of the dried ore, 
and mix with an equal quantity of ammonic chloride; and to 
the mixture a*ld gradually 4 grams of caldum carbonate (“ pre- 
dpitat«d* 7 * Introduce into a plalinum-anidhie and cover hx^M-ly. 
Heat, at first, gently ; and then at a read h»sit for from forty w 
sixty minutes. Transfer to a pon^htin dUh, and digest with 60 
or to CO. water ; warm and filter: to the filtrate i^d ammotiie 
ourbooate and ammonia, and filter; evaporate the filtrate to 
dryneas, adding a few drops more of aminunk carbonate towanl'^ 
the and ; when dry, h^t gently, and then raise the temperatnrt' 
to a litt^ below ranees. Ihivtolvo in a small quantity of w-atcr, 
add a drop of inamonic carbonate, and filter through a small filter 
into a wt^hed platinum dish. Evapmate, ignite gently, 
weigh* The nuddae amUki the soda and pota^ the mineral 
aa^iloridem 

To dMermine the proportion poUadom, dtsaedfe this residue 
k a litUe anteri add ehlgfidt in e^iponde (0 a 
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paste, extract with alcohol, decjint through a small weighed filter, 
wash with alcohol, and dry at 100 C. Weigh. The substance 
is jjotassium platinic clilorido {2 KCLPtC'lJ, Us weight, multiplied 
by 0.1941, will give the weight of potasli (K, 0 ). 

To iind tho |)ro|>(>rtion of boda, multiply the weight of the 
potaasiuni platinic chlorldf by 0.306; this 'gives the weight of 
|)otussium chluririe, J>ediict this from the weight of the mixed 
i-hlorides first got; tho diffeienco will he the s<Klium chloride, • 
which weight, multiplied by 0.53, w'ill give tho weight of soda 

Forroua Oxide. — When a (pialitative test shows both ferric 
and ferrous oxide to l>o |>re.^eiit, the proportion of the ferrous 
oxide must Ijo si*paratelv detei iidned. The finely ground mineral 
mixeii with dilute sulph\iric acid is treated on a water bath with 
hydrolluoric acid. is IxiSt eth eted in an atmosphere of 

cat^uiic acid. In about an hour the decomjxxsition is complete, 
and the wduiion Is diluted with cold w'ater, and titrated with the 
fiolution of bichromate or of |sTrnaiigMnate of potassium. The 
iron found U multipliwl by 1.286, and n^jKirted as ferrous oride. 
To find the proportion of ferric oxide, the ferrous iron found is 
inultiplieci by 1.428, and tlsis is deducted from the weight of 
ferric oxide obtained l>y precipitation with ammonia The 
ammonia precipitate oon tains the whole of the iron as ferric 
oxide ; hence the n(««?ssity for calculating the ferrous oxide as 
ferric, and deducting it. 

Phosphoric Oxide (P,0|).— Weigh up 5 grims of the finely- 
divided and dry sample, and digest with 10 or 20 c.c. of nitric 
arid; evaporate to on tlie water-bath ; take up with a 

little dilute nitric acid ; dilute witli water ; and filter. Add a few 
grams of aoimnnic nitrute .and ioc.c. of ammoniumi molybdate 
solution, heat nmrly t^ lioiling, and allow to settle ; filter off, and 
^h the yellow preiipitate. Dissolve xvilh dilute ammonia, add 
‘'magnesia mixture,’' and allow to stand overnight. Filter, wash 
with diliiU amraonia, dry, igtute, aiul weigh pyrophosphate of 
magnesia. The weight, multi| 4 ieti by 0,6396, gives the weight of 
phosphoric oxide. 

Soluble SiliCA.— silicates are aettn! on by hydrochloric 
•rid, and leave on evaporation a rtwidue; which, when the soluble 
•alta have been wradied out, condsta generally (f the separated 
with perhaps quuMla and unattacked silicates. It should ba 
ignited) wmghed and bmled with a solution containing less than 
10 per eeni of eatMtio soda : this dissolves the sepamted silica. 
‘J^eliouorii diluted, rtmderevl fruntly acid, and filtered. The residua 
^ and weighed, ^e kw givea the eolubie ailicw. 
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^timation of Silica in Slags (Ferrous mlicst6s).--T&k6 i 
gram of the powdered slag, treat with aqua regia» evaporate to 
dzynese, extract with hydrochloric acid, filter, dry, iguite, and 
fuse the ignited residue witii ‘‘fusion mixture,*' then and 

weigh the silica in the usual way. Slugs are for the moat part 
iecouiptxsed by boiling with lujuu regia, but it will 1)© found iri(jr« 
convenient and act^urate to first extract with acids and then to 
treat the residue as an insoluble silimte. 

Estimation of “Silica and Inaoluble Silicates" in an 
Ore. — Take 2 grams of the powdend miucml, evu|>^irat«« wjth 
nitric add (if sulphides are present), treat the driwl n^sidun (or 
the original substance if sulphidee r.rt' al>s»»iit) wit li 10 or 20 e r. 
of hydrochloric add ; apiin evaporate to dn ne^, take up w ith 
dilute hydrochloric add, wu-sli, ignite, and v.cign. 

Estimation of Silicon iu Iron 2 gmms of the metal 

(borings or filings) in a fourduch ovujh mating dwh, and div^dve 
(with aid of heat) in 2^ r c. of diluto nitric udd. Kvaporat^ to 
complete drym^s, take with 70 c.c. of hydrothloric arid, and 
allow to digest for one hour, lloil down to a small bulk, dilute 
with a 5 per cent. ^olu^Il>rl of hydrochloric add, Wdl, and filt.T. 
\Va<h with add an*! w*at*‘r, dry, igiiite in a platinum cruciM* . ind 
weigh the SiO^, Thi«, multiplied by 0,4673, give* the weight of 
the silicon. The f>**retuituge is calculated in the usual way. 


PKACTICAL KXr.fiClBES. 

I. A ccrtaic r<^lc l« a ji:: .xicre of 7*0 per cent of fjaarta, 25 per OSDt. of 
poush f^ Npar. and 5 per (yet, of i^otasb mica. U"hat per cent, of 
niitca will i: contain t 

*. Two gTam»i of a mu sure of »ilirA aid ejwaJii^rife left, after redaction 
In hvdruc'Ti, 1,78 gram<. Awamlng ait the oxide of tin to hare 
b«yn rirdu»’«^l, wiuit wd! Ix' the prTrrr/A*re of 'iriUca f 
j. The forrotaU of a compound U iKeO^iU,. What percentage of 
silica will it o r.tain f 

4. Two grams of a ^n ple of ca^t^lroD gare 002$ grain of siUoa. Flod 

the prrrenUtfo of *i!iron in the meUl, 

5. What wdirbu of qt^a and marble (CaCOA would too taba to ntka 

JO grains of a slag baTicg the fonoala (^.810, f 


OABBON AKB CABBOHATBS. 

CirhoD eoqpoands natis* so Istipelj into the itructure of 
nrfiniflrd hcxfiMi that their is mimlfy eo&iidertd apart 

from UhA of tho other detnenli tinte tlio heed of Organic 
Cicmifrjf Ourbon occurs, howerer, anicm^ miamU not only io 
Urn odddiaed sh^ (aa oarbcnuitei), but alaointbodofiieDta^io^ 
(as m diamoiid and gja|Mi^ and arniHiiod wlUi hy^rog^ 
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. Ac, (m in petroleonu, Mtumens, lignites, sbalee, and ooeie). 
In ainali quantitiee ** organic matter" ia widely diffused in 
oiiaeraU ana rocks. In abalee and clays it may amoont to w 
IPUC& aa 10 or ao per cent, (mainly aa bituminous and ooaly 
u^atters). 

The flusaayer baa only to take account of the organic matter 
when it ia of curomeraal iujjKjrtance, w> that in assays it is 
generally included under “ loss on ignition.” 

In coals, sbalea, lignitw^, Ac,, the carbon compounds are, on 
heating, split up into wIb and Bvrailur compounds. The product* 
of distillation may bo classified tis ’-atcr, gas, tars, coke, and ash. 
Tho rtsaay of the*« bodu?« gencnilly resolve it>elf into a distilla- 
tion. and, in the case of the hhaleB, an examination of the 
(li>iillat^ for the useful oils, purafiin, creosote, Ac., contained in 


tliem, 

Klementary carbon is fotind in nature in three different forms, 
but th««eall re-act chftniadly in the same nay. They ccr’ine 
with oxygen to form the diox id. • Tl^e weight of oxygen re^Jred 
to bum a given weight of any f<Tra of carbon is the same, and 
the rwulliitg product from all three lias the same characteristic 
propeitiea. Carbon dioxide is the cemraon oxide of carbon. A 
lower oxide exists, but on burning it is converted into the dioxide. 
WTieiww the oxidation of carbon takes place, if there Is sufficient 
oxvgen, arbon dioxide (carlKmic acid) is formed ; this re-action 
U the one used for the detennination of carbon inlxidies generally. 
The dioxide has acid properties, and combines with lime and other 
baeea forming a series of to I is called ftirbonates. 

The carbon-compounds \oihor than carlwnates, which will be 
fiuleequently considered) occurring in minemls are generally 
characierised by (heir sfonDg solubility in adds. The diamond 
is disUnguislied from other crystals ly its Imnines.^. lustre, and 
specific gravity* It may be to a nd licat without wing 

appwenUy affected, but at a highrr tempraiunj it slowly bums 
Gmphite, also, bums slowly, but at a lower temperature. 
The other bodiee (cools, sliaJcs, Ac.) differ considerably among 
thems^m i& thetemperatura at which they commence to bum 
Some, audi li anthnunto, bum with little or no but mort 
give off ga«ea» which bum with a luminous fl^e. They ^efUgr^ 
when sprinkled on fused nitre, forming cwbonate of potash, ip 
making thia teat the st udent must remanber that^uphur ana, m 
fact, aD (oidiMye bodies similarly deflagrate, buHt is only m 
case (d compounda that carbonate of potash is 

CtrboB «jUi^ tad •«»>• **>* ““'“.I®* '■ 
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oombuied ourbon of ibis kind is doUcted hj the odour of tho eu>> 
buretted hydrogen vrolved when the metal is Seated with faydixK 
ehlork «cid ; for example^ on dissolving steel in acid. 

The natu^ oarbon compounds, although, speaking generally, 
insolulde in hydrochloric or nitric acids, are more or leas attack^ 
hj aqua regia. The assayer seldom requires these compounds to 
be in solution. The presence of ** oiganio matter ” ♦ interferes 
with most of the reactions wtiich are used for the determination 


of the metals. Consequently, in such cas^ it should be remc^ved 
by calcination unless it is known that its presence will not interfere. 
When calcination is not admi^ble it may be destroyed by heatin;; 
with ( 4 rong sulphuric acid and bichromate or permanganate uf 
pt^aah or by fusion with nitre. 

Ckrbcm may be se^jarated from other substances by converKion 
into cvbon dioxide ^ buniing. In most cases suUjd^ces soluble 
in adds are 6n^ removeii, and the insoluble residue dried, weighed, 
and then calcined or burned in a current of air. The quantity. of 
organic matter" may be determined indirectly by the loss th« 

(nilw^nce undergoes, but it 
is Mter to determine the 
“ organic carlx>n ” by con- 
fining the calcination in a 
Fto. 7a tube, and collecting and 

weighing t ho carbon dioxide 
formed. Each gram of caiboc dioxide is eipiivalent to 0.2717 
gram of carbon. 

ol A corrart of oxygen or air, oxide of copper may 
lie more conventenuy ustd. 




Tlio Dperatton is as follows 
TVke a clean and dry piece ol 
comUistion tube drawn out and 
closed at one end, ai shown in 
the figuns (fig. 70), and about 
eighteen inches ong. Fit it with 
apeifomted cork connected with 
a U tube (oontauung freshly* 
fused calctum chloride in coarse 


fio. grains) and a set of potash 

bulbs ffig. 71) (contmmng ■ 
•troog^ioiittloD ^ potash), the exit of which last is provided wi^ 
aniw tabi containing odctum ddorida cr a ititf of potash. 
Both iha U'tttbo and bnlba should have a loop of fine wire, hy 
whieh tbf^ may be sttipmided on the hook of Uiq b al anc e for 000* 


• rorenn|iie,idfaafieef|^ eoids formed by ptfUat c^ddadoo vkk 
•Hrieadd. 
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noIeDoe in weighing. They must both be weighed before the 
oombiution u commenced ; to prevent absorption of moisture dur- 
iw weighing, *0., the ends are plugged with pieces of tube and 
glu8 rod. 

m\ the oombiwtioo tube to a depth of about eight inches with 
iome copper oxide, which hm bt^n recently ignited and cooled in 
a doee veasel. Put in the wei;;he(i portion for assay and a little 
fresh copper oxide, and mix in the tube by means of an iron wire 
slmped at the end after the nwimer of a csorkscrew. Put in some 



more oxide of cvtppor. and dean the stimT in it, Cloise loosely 
with a plug of recently ignitwl aslui^tos, plac’e in the furnace, and 
connect tb© U'tube and bull)s in the way shown in the sketch 

(fig. 7a). 

Scribal tb© jmnU are ti-ht, and then commtnce the carnhustion 
hy lighting th© burners iH- iresl the U tnlie; make the first three 
or f(rt>r inchre rwbbot, and gradually extend the lieat Ivickwaixls 
the length of tb© tuU*, but avoiti Itto r^pi^i a di'^u^gjigenient of gi.*', 
^Mien ga© ocaaea to come off, o|ien tho p>in(e<l end of the tube 
and draw a current «f dried air tlmni^jh ilje ap|>;intus. 

The carbon dioxide ia ahaorl>ed in the potadi IiuIIm:, and their 
incrwae iu wdght mttltiplied gives the amount of carbon 

in the aul^at&noe tAkcn, 

T)>e mcreaao in weight in the mlcium chloride tube will be du© 
to the water formed by th© oxidation of the combined hydrogen. 
H this last in required tb© iti« rea«© in weight mulViplied by 0.11 1 
givf« it© ainouui. 


TXrr*BOOK 0? ASBAnNO. 


418 


OOAXI8. 

Tbib dM«rmliiAtiaa of the ertual carbon is ooale and shalea is 
eeldom caUed for ; if required, it would be performed in the way 
just described.* The ordinary aasaj of a ample of oooi involves 
the foilowtn|( detenmuationa — luotsture, volatile matter, fixed 
carbon, ash, and sulphur. These are thus carried out 

Detottination of l(oiBture.~>Take 3 grams of ihejpowdertd 
aam|de and d^ in a water'bath for an hour or so. The loss u 
repealed as moisture. Coals carry freun 1 to a per cent. If the 
dr^g is carried too far, coals gain a little in weight owing to 
oxtdation, so that it is not advisable to extend it over more than 
one or two hours. 

Determination of Volatile ]Catter.--This determination is 
an approximate one, and it is only when working under tho 
name conditions with regard to time, amount of 00^ taken, and 
degree of beat used, ihat concordant roKuIU can be arrived at. 
It U a nmtter of importance whether the coal has been proviomly 
dried before heating or not. since a difiference of a per cent mar 
be got by working on the diried or undried sample. Take 3 graim 
of the poa^red. but undried, ample of coal, ^ace in a weighed 
platinum crucible, and support this over a good Bunsen burner 
by means of a thin pUtinum wire triangle. The heat is GonUnue>i 
unto no further quantity of gas coma ^ and bums at the mouth. 
This takes only a few minutes. The cover is UgbUy fitted on, and 
when cold the crucible is weighed. The loa in weight, after 
deducting the moisture, gives the **voUtUe' matter,” and the 
residue consists of fixed carbon ” and ** ash.” 

Dtfterminatioii of Ash.— The coke produced in the last opera* 
Uoa is turned out into a porcelain didii and t^ted over a Bumea 
burner tBl the residue it free from pulkla of oarbmL Oaldnstioo 
is hastened by stirring with a pUUnom wire. The op^ition msj 
be done in a muffle, this giva results a few tenths df s Pf 
cnii. too low. The dish is cooled in a deeskator, and weighed. 
The increase in weight mves the amoant of ** asb,^ and thd dif* 
farence between this and Uie weight of Uie ooke gins tbs ** bid 
earban.'* 

The amy is nported as fdlowt 
Motstm^ 100*0. . • . . percent. 

Tolstak matter • . • • • ^ it 

itodeariioci • « • . . n 

Adi 7-** a 

aoolalas nJ^hnr — poresiA. 

* ter eols, ai4 mter hoffla oeamMn tAm m at e of ksf 
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X)#t6nnl]iatloii of Sulphor.-'Tbe sulphur exists in the coal 
ptrtljr io (Vganio combination, partly as metallic sulphide (iron 
pyrite(^ marcasito^ &c.), and, perhaps, as sulphate. 80 that the 
sulphur determination must be separately reported, since a 
portion will off with the volatile matter, ana the remainder 
would be retained and weighed with the coke. 

TTje sulphur is thus determined ; — ^Take 1 gram of the coal and 
ntUtwitb i,5gnun of amiitureof 2 parts of calcined magnesia and 
I part of carbonate of soda, and heat in a plutinUm crucible for 
oue hour or until oxidation is coni]>kte. Turn out the mass and 
extract it with water and bromine, filter, acidulate with hydro- 
cldoric acid, boil off the bromine, and precipitate with baric 
t’hloride (estimating gruvimetricilly as given under Sulphur), 
Another method is as follows Take i gram of the coal and 
ili-op it gradually from a sheet of not© paper on to 5 grams of 
fused nitre contained in a platinum dish. Extract with water, 
ncidify with acetic acid, and e,'ti]|jat© volumetrically as described 
under Sulphur, 

Calorifto SflbCt of Coals.— The beakgiving value of a coal 
is beat expressed in the uunil^er of pounds of water, previously 
bvated to the boiling point, which it will convert into steam. 
This is generallf termed its evaporative- 
power. It may be determined by means of 
the caioiimeter (fig. 73). 'fhis consists of a 
gk4» cylinder marked to hold 39.010 grains 
of water. The instrument conslsu of a per- 
forated copper sbuid, provided with a socket 
and three K»inga. The socket holds a 
copper cylinder which is cluirge<l with 30 
grains irf the dried coal mixed with 300 
grains <rf a mixture of 3 iiaru of ptavium 
chlorate and t part of mire. Tlie is 
well pmked in the cylinder and proridwl 
with a mnalt fuse of cotton situratcd with 
fitra. FUl the glass cylinder to ite mark 

mih watw and lake the tempi'r^ute with a ... 

thermometer marked in d^|^“eH Fahrenheit. Ignite the fuM^d 
immedsabdy cover with the outer copper cylinder (eitinguish^- 
fashkm), whi^ wiU be held in its place by the springs. The 
ihoitkl be doeed before this is done.^ Place the appa- 
retw miksidy hi the cylinder of water. When the action is oyer 
the atOMoek and a^tat© the water by r^ng and lowe^g 
tLnnstfnmffltafrr times. Again take the temperature. The 

iheald be lied laiiMd el nidi oC ooppw ; sad the tsmpicators ih^ 

Mlidiedinisdnma 





F10.73. 
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risB in tempmtore, ploa lo per ceoi, for the he«fc oied m warming 
the tipparatos and lost by radiation* givoi the eT^mrative-powec. 
Hie foikwing u an example : — 


Temperature befm experiment • 

. 67.0* F. 

Temperature after • 

• 79-®’ It 

Rise « • 

. IS.O* „ 

♦ • 

. I.a* „ 

Gives 

• » 


One pound of the coal wiU eraporate 


8HAI1ES, BTO. 

The assay of is carried oat in the same way u that of 
coaU^ but the rt>laiile matters are separately examined, and, in 
cousequence, a lantor quantity of matei^ must be used. For the 
moisture, volatile imitter, tlxed carbon and ash, the determinatioiis 
ai\^ the same, but a s{)ecial distillation must l)e miide to obtain a 
Kuthcient quantity of the volatile prcxlucU for 8ub«e({uent exami* 
natioQ. Take 500 or iooo grams of the well sampled and 
powdered shale, and introduce into a cast-iron retort as shown in 
fig. 74. Lute the joint with fire-clay, plaoe the oovor on, and 





hdt a dofwm The bolts should have a ooveriog of fire^y to 
protect them from the aciion d the fire. Place the retort in a 
wind fomaoe, supporUng it on a brifik,and padc well around wiib 
coke. Build op the furnace around and om the retort with 
kwee fire-bricks, and heat gradually. 

M •000 as water begins to drip, the tube d the retort ia oooM 
fay wi^qdng a wet ck^ around it, and keejnng wet with water. 
The water is kejfc from running into the reoeaver by ^ i^g ^ 
damp fire^y. A quantity of gaa fitst oomes om and will be 
lost, afterwa^ water and oily mattm The retort must be r^ 
hot at the dose ol the distUktioii, and when nothing moeo dlstik 
off, whkb o«Mfo io about two or Utret boon, the wot doth ii 
rsiiiovad, and the tube heated with a Bodmd bnmer io drive 
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forward th« matter condensed in it into the receiver, and thus to 
clean the tube. It can be seen when the tube is clean bylookine 
up through it into the red-hot retort. The receiver is then 
removed, and the retort, taken from the furnace, is allowed to 
cooL When cold it is opened, and the fixed carbon and ash 
weighed, as a check on the smaller assay. 

The distillate of water and od is warmed, and will separate into 
two layers, the upper one of which is oil, and the lower water. 
These are measured, and if the 8f)ecific gravity of the oil is taken! 
its weight may be calculated, if the two liquids 
do not separate well, the water may be filtered oflf, 
after cooling, through a damped filter. The sepa- 
ration ia, however, best effectetl in a separator 
(fig. 75). The liquids are poured into this, allowed 
to settle, and the lower layer drained off. The 
^uroe of the water is measured and its weight 
calculated in per cents, on the amount of shale 
taken. 

Szaminmtion of the Oil. — A sufficient quantity 
of the oil must be got, that if one distillation does 
not yield enough, the rtKjulsite quantity must be ob- 
tained by making two or more distillations. The 
oils are mixed, and the mixture, after having had 
ito volume and specific gra^'ity a'^certained, is 
placed in a copper retort, and r<HlistiIle<l with the Fnj. 75. 
aid of a current of steam. The residue in the 
retort U coke. 

The distillate is separated from the water by means of the 
separator, and shaken for ten minutes with one-twentieth of ite 
bulk of svdphurio acid (.sp. g. 1.70). The temperature should 
not be allowed to rise above 40*. Allow to stand, and run off the 
**acid tar." 

The oil U now shaken up with from 1 0 c.c. to 20 c.c. of sodic 
hydrate solution (sp. g. t .3), allowed to stand, warmed for holf-an- 
hour, and the “ wii-tar ” run off. 

On mixing this soda-tar with dilute acid, the “ crude shale oil 
creosote" sopamtee, and w measured off. 

The purified oU is next re-distilled in fractions, which come 
over in the following order : Kapbtha," “ light oU,” "heavy 
oil," and " idtll bottoms" For the first product, which is only 
got fwan certain shales, the roreiver la changed when the distillate 
^ a upecafio gravity of 0.7 S. For the second product the process 

otmtmued a drop the distillate caught aa it falls from the 
ol raloit on a cold spatula, ^owb signs of solidifying. 
niiib«onik light oiL* 
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recdy«r » chaxt^, imd the “ hmrj oil* oomee ow; 
iomurds the end a thiA brown or yellow viscid product is 
tOie leoeivflr is again changed, and the distillation carried to 

M68. 

The “crude light oil " is washed cold with a per cent, of sulphurie 
acid (eoncentrated), and afterwards with excess of soda. Thos 
purified it k again dktilled to dryness, three fractions being col- 
iected as before. Naphtha, which k added to the main portion, 
•lid measured ; ** light oil/* which Is also roeosOred ; and “ heavy 
oil,* which k added to that got in the first dwtillation. This laMi 
k |«ouTed into a fiat-bottom aipsule, and allowed to cool slowly. 
The temperature may with advantage bo carried Mow frooring- 
point, llie cooled cake k pre^^^l l^ctween folds of linen, and the 
para^ scale deiUiched and weighed. 

The results may be reported thus 

KapfathSi «p. g 

tight oU. *p g. , • • • , — 

Hearr oU, #p. g. . • . • — 

ParaiSiQ ucale — 

Coke. Ac — 

The results are calculated in per (ruts, on the oil taken. Some 
workers take their fractions at ea<’h rise of 50* C. The composi- 
tion of average shale, se given by Mills, kas follows :—Specifio 
gravity, 1.877 * moisture, ^.54. 


Gas 

■) 

Volatile matter, water, ammonia 

Oil 

• / * 3-53 

kixed carbon . . • • 

. 11.69 

Ash . • . • • 

• 6374 


99.96 

The ash ts made np of silica, 55.6 ; ferric oxide, 13.x ; alumina, 
92.14; lime, 1.5; ftulphttr, 0.9 ; MuMe salts (containing 0.93 per 

cent sulphuric oxide), 8.3. 


Total sulphur in shale . 

1.8 percent. 

„ „ in ash 



F<v further information on these assays, and for Uw aMsy of 
peiroleatns, bitamtns, dtc., the student k itleiTed to AUen’i 
“ Coann^tial Organic Analysk,** Vol. IL 
l)otonDisntio& of Orgaiilo Carbon In a Xdmoftona.— Take 
t or 2 frame and (hmdve wfUi a very almht exoam ci dilute 
kydrtidiJm icmI, esaporaU to diyiuun, and 
in the laiidiia hf tmvnMkm with copper axlda. 
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Xftliiiation of Carbon in a Sample of Graphite (Black* 
lead). — Weigh up 1 or 2 grams in a dish and calcine in the 
mttIBe till the carbon is burnt oflf. Weigh the residue, and calcu- 
late the carbon by difference. 

Determination of Carbon in Iron.— The carbon exists in 
two statee— free (graphite) and combined. The following process 
estimates the total carbon The carbon existing as graphite may 
be separately estimated in another portion by the same process, but 
using hydrochloric acid to dissolve the iron instead of the copper 
solution ; — Weigh up 2 grams of the iron (or a larger quantity if 
very poor in carbon), and attach it with 30 grams of ammonic-cupric 
cblonde* dissolved in 100 c.c. of water. Let the reaction proceed 
for a quarter-of-au*hour, and then warm until the copper is dis- 
solved. Allow to settle, and SJter through a filtering-tube. This 
is a piece of combustion tube drawn out and narrowed at one end, 
fA shown in fig. 76. The narrow port is blocked with a pea of 



Fia. 76. 

baked clay, and on this is placed half-an-inch of silica sand (pre- 
viously calcined to remove organic matter), then a small plug of 
sabetdoA, and then a quarter-of-an-inclj of sand. The tube is con- 
nected with a pump working at a gentle pressure, and the solution 
is filtertKl through the tube with the aid of a small funnel (fig. 77). 
The naidue ii washed, first with dilute hydrochloric acid, and 



ttwk irith dMled wntor. ITi* tube u dried by aspir»bnj air 
thiwub it, Md gently werming with a Buneetj burner. Tte tu^ 
ii dMD r*"-^ in » oombustion-fumace, and connect^ 

dikoide and poUah bulbs, aa shown m fig. ?»• ^*>9 


Mdocy£S3Bt. 


_ cblorid* 

hot water 



4*4 


nrr-BooK or mimo. 


poUsh bolb to the right of the figoie muat be weighed. A ilow 
itreem of air is drawn through the apparatus, and the heat 
graduall;^ raised ; in from thirty minutes to one hour the oombus- 
tioQ will be complete. The potash bulbs are then (l»cotue(M 
and weighed, and the InomBe multiplied by 0.2737 gives the 
weight ot carbon. 


OA&BONATBS. 

Carbon dioxide, which is formed by the complete oxidation of 
carbon, is a gas with a sweetish odour and taste, hanng a strong 
affinity for alkalies, and forming a series of com ptm nils termcil 
carbonates. The gas itself occurs in nature, and U sometimes met 
with in quantity in mining. The carbonat^^^ occur largely in nature, 
forming mountain masses of limestone, Jlc. Carbonates of many 
of the metals, such as carbonate of lesul (ceiussite), carbonate of 
iron (chaiybite), cartMnates of copper (malachite and cheesy lite), 
and carbonate of magm^ia (magnesite), are common. 

Ail he carbonates (those of the lUkidies and alkaline earths 
exct*pted) are completely dec«mp«se<i on ignition into the oxide of 
tlie metal and carbon dioxide ; but tht> tempemtuiv rw|uinHl for 
this decomposition varies with the nature of the Imse. All oar 
bonates are soluble with etfervesn^nce in tlilute adds ; some, sue!) 
as chalybite and magnedte, require the aid of heat. The alkaline 
mrlionaies are soluble in water ; the reel, with the exception of 
the bicarbon.'ibfw, an' insnlutde tbett'in. 

Carbonates are nTt>gnisetl V(y their ofTenresrenMi with adds — a 
stream of bubbles of gas are givi u off which collect in the lulw, 
and possess the pn>[:!erty of extingitishing a lighted match. Tlu» 
meet characten.ttic tint fur the gan is a whiu» pnw ipitatc, widt h is 
produced by passing it into limo or baryta wator, or into a aoUi 
tioD of subacetate of h^atl. 

The expulsion of carbon diuxi>U* by the stronger ad^ls serves b-r 
the itepimitinn of this body fn>m the c^Her adds and bases. 

Ihry Aeany.— *Tl>cre is no dry assay in use. Any meUus! 
which may be aibf'Usi will neceiwanly be applicable only to speed) 
eotnpouiuut 


WOT XOTHOBS. 

Tliera aneevent methoda in use whieb leave little to be dedrvd 
eitli^ in speed or accuracy. We will give (t) a gmvimelnc 
ttetbod in which ^ estimation may be mmle <lirecUy by wetghio;* 
the enhooie acid, or, indirerilvi hy estimating the carto dioxide 
bom the lom; (a) a vohtinem one, whhm an indirect deter* 
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loiDfttion b made of the goa ; aad (3) a gasometric method, in 
which the volume of carbon dioidde given off ia measured, and its 
weight deducted. 

Direct GrsTimetrio Hethod — Fit up the apparatus shown 
in the diagram (hg. 79). The various tubes are supported l^ a 



fixed rod with nails and wire loops, and connected by short lengths 
of rubber-tubing. The first tulje contains so<ia-Ume. The small 
fiask is fitted with a ruWx*r-stop[K‘r perforated with two holes, 
through one of whicl> |)iiss(*s the tube of a pipette holding 25 or 
30 c.c. This pi^iette ie to contain 
the acid. The substance to be 
determined is wciglunl out into the 
fi&dt. The eocotid tuln* contains 
strong «ul|dmric a^id ; the tldrd, 
pumice stone, satunitixl with txipper 
sulphate solution, and dried until 
ncorlv white (at jco* C.); the 
fourth contains recently fustni cal- 
dum chloride ; and the fifth, which 

is the weigbcil tul>e in which tiie j r » 

carbonic acid is al)«^rbHl, contain.^ calcium chloride and soda-lime, 
u 8howi\ in fig. 80. The sixth also contains calcium chloride and 
toda^lime ; iU object is to juvvent the aoct^ss of moi^ure and car- 
bonic arid to the weighed tulie from this direction ; it is connected 

with an aspirator. . , 

Having weighed the U*tube and got the apparatiis m orfer, 
Weigh up If 3 , or 5 grams of the 8ul«tanco and place in the fla^. 
M the ptpeUe with dilute arid, close the cbihip, and cork the 
ftfcA see that Uie apparatus is tight. Open the clamp 




1 

t 

f 


/ 



Fia 8& 


• 1 * made by dUsoWittg 100 gmms of “ soda’’ in water, 1 

frily soo fframs of lime wiih It Kvaporate to drynew In 

rith u 2 ^nUe afa^ red beat ta a crucible. Use the small lumps. 


in water, and care- 
en boa 
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tnd allow from to to ao c.o. of the acid to run on to the 
Qurbomo add will be evolved and will be driven through the tub^ 
The gee should bubble through the sulphuric acid in a moderate 
and r^ular stream. When the elTerveecence slackens the clamp 
is opened and the greater part of the remaining add run in. 
When the effervescence luis caused the clamp is opened to ita full 
extent and a current of air drawn through with an aspirator, A 
gentle heat is applied to the Bask ; but it should not be prolonged or 
carried to boiling. After tl^e removal of the heat a gentle current 
of air drawn through the apj«ratus for 30 or 40 minuter. 
The weighetl U-tube, which in the early part of the operation 
will have lieei>me wurm if much carlioinc add was present, will 
by this time be cold. It d di>ct»nnecteti, plugged, and weighcil. 
The increase in weight Is dvie to the carlam dioxide of the sample. 

ExamfU.— Ore taken 1 gram. 

Wc^bt of iub«, • . 41,653$ grains 

H „ after . . 43-0^0 p. 

lacrrase • • • 01441 $ « 


Indirect Qravimotric, or Dotortnlnation by Loss.— Take 
a Geissler’s carlionic acid ap(>amtu8 (dg. 81) 
and place in tbe double bulb some strong sul- 
phuric add. Put into the other bulb, tbe stop- 
cock iM ing dori«Hl, 3 or 4 c.c. of nitric acid 
diiute<i with water. Leave the appantua in 
tbe Udanct l^ix for a few mioutew and weigh. 
lnlro*luce into the flank (through A) about 
I grant of the |M>wdere<l substance and agtua 
Weigh 10 flrid tlie exnt^ amount added. Allow 
the arid to nin gradually on to the carbonate, 
and wlo n t^olution is complete, beat and aspi- 
rate. Cool and again weigh; the loss in 
wewbt is the carliontc add. 

Examjfde : — 

Wckbt apTamttm and adds . • $S.494tmBi 

ntartfla , . 8^879 « 



Xqaal to atmhle taken 


1.38$ 


WeiglA of^pparatas and marlds , , S6J79 giaas 

- „ ttino* carbonic add 86.aim ^ 


Igoal to carboede arid , * . * 0.6098 

i.jSS ; too ] .* 06098 ; » 

m m 44.^ |wc eiBt 
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substance contams 44 03 per cent, of carbonic acid; a 
dupUento eiperiment gave 43.73 per cent. 

method is quicker, but les» exact, than the direct gravi- 
metric determinatioa. 

VOLTTMETRIC METHOD. 

Thw, which is of somewiiat limited application, is based upon 
the determination of the quantity of acid required to decompose 
the carlxmate. It c<msi«U in adding to a weighed quantity of 
the mineral a known aiutmnt of shmdard solution of acid which 
\a in excess of that required to effect the decomposition. The 
quantity of residmil acid is then determined by titrating with 
sUnuhird solution of alkali This method has been described 
mider Lifnc* 


OASOHETBIO METHOD. 

This method is the quickest of all, and the least troublesome 
after the apparatus has been once prepared. It yields fairly 
accurate reeuite when workiHl in the manner described below; 
but if greater precautions are tsken the results are exact. It 
depends on the measurement <if the volume of g:is given off on 
treating the weighed saraph* with a<id. The apt^iratus describ^, 
page 5a, is u.s©tL Weigh out a t>ortion of the mineral which 
&hall contain not more than 0.15 gram of civvb(mic acid (or 0.4 
gram of carbomiUs of lime) and put it in the bottle. Put in the 
inner tube to c.c. of dilute hydnH'hloric acid (i-i), cork tightly, 
and read off the level of the ii(}uid in the hurfc‘tte after adjusting 
tile prt«sure. Turn the acid over on to the mineral. Run out 
the water so as to keep the level in the two burettes the same. 
When effervescence bos oottse<i, rotate the contents of the bottle ; 
6nally, adjust the level in the burettos and read off the volume. 
The inerwse in volume is due to the evolved mbon dioxide. At 
the same time reatl off tlie “ volume corrector. -j • ii. 

Some of the mrbon ^lioxide remains dissolved in the iwid in the 
genemtbg botUe, and the quantity thus dis.solv(Hl depend on 
the amount of carbonate as well as ou the amount of acid present 
CJonsftjucntly, a mwuwred qtuiiUity of acid should be used m ^ch 
t«iy and e comparative exj^eriment made with known weight 
of pU carixma^of Ume which will yield about the same volume 
of gas. The number of c.c. of gas got m the assay mulUphed by 
4.7 win give the -number of milligrams of pure ^bonate of lune 
that be hiken for the standard. Witii ordinary work the 

nrety eiceeda half a ac. 
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Hm fbOowkig will illuKtrate the calcaUtioi» 

Oa« gram of a mmorai was taken, am] 3rield6d 49.0 ao. of gaK. 
Th» ** v^ume oorreetor ” reading was 100,4 0.0. 

0,2405 gram of pure carbonate of lime was then taken, uiul 
treats in the same waj ; 50.5 c.a of gas were got The volunu* 
oorrectar stdl read 100.4 ao. 

0.2405 gram d carbonate of lime is equivalent to 0.1058 gram 
of cartxm dioxide ; then, 

50.5 : 49.0 :: 0.1058:2 
X 10.36 per cent 

Xstimation of Carbonio Acid in the Air of Mines.— >Ac- 
eording to a series of anal^aes by Angus Smith, tim proj^trlion of 
carbonic acid in the air of umlrrground workings from 

0.04 to 2.7 per cent by volume. In plaoess where men are 
working the proportion ought not to reach 0.35 per cent. 

A simple method of determining whelher a sample of .air 
reachee this limit (0.35 per cent.) is by Dr. C. Le Neve 

Faster in the Proceetiings of the Mining Ass^x-mtion and Iimli* 
tute of Cornwall" for 1SS8. The apjwnitus used is an ordinary 
corked 8-ounce me^licine bottle. TIiLh U filled with the air to 
be examined by sucking out its contents with a piece of rubluT- 
tube. Half an-ounce of dilute Uroe-w nicr* (tintra with phenol- 
pbthaJein) is poured in. If, on corking the bottle and shaking, 
the colour is not discharged, the air rontnins leas than 0.35 (>er 
cent, of carbim dioxide. ** If t ha rt>luur fadtw alowly, and doos 
not finally vanish till after a great deal of shaking, it may )e 
assumed that the percentage of carU^n dioxide dow* not gn'stly 
exceed one quarter ; whereas, if the lii^qqxvirance U raiml aft/^r a 
very few shakes, the contrary, of cx>urs(% is the emm* ^e dilute 
lime-water ia me&^ure<i out and earned in ordinary half ounce 
phials. This m**tho<] df)6s not pretend to great accuracy, but as ■ 
method of distingundung between good and bad air It is very 
convmiient, and will be found usefid. 

For determining the actual propordon in the air the following 
plan is adopted : — Take a bottle w^h will hold about 50 ounnw, 
and measure its cafSMiity ; fill the bottle with the air to be ex- 
amined, pour in too c.e. of lime-water, and shake tip for some 
time; tad phenolnhthalein, and titmte the mmitiiiig cakium 
hydrate with standard aolutioo of oxalic acid. 

The ioliitioDerf oxalk add is mide hr dimotving s.25 mm of 
rwcrysUlUiid oxalic sod H^O) in water and difutmg to 

I hire. One ac; « 0.001 gram of lint# (CbO), or 0.0007857 gf*n 
of otthon dioxide. * 

* Made by mhittaf 1 part by mmmn ot mtamted tims-water » 
»D with reesmb befied dMDkd wmm. 
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TUce 100 e.0. of the same lime*water, to which add the same 
amount of phenolphthalein aa before. Titrate. The difference 
between the two readings gives the amount of acid ” equivalent 
to the Ume-water neutniliscd by the airbon dioxide. The num- 
ber of ac. thus used up, when multiplied by 0,3989, giv^ the 
number of c.c. of carbon dioxide (at o* C. and 760 mm.) in the 
volume of air taken. Thia volume, which is that of the bottle 
less 100 cx., must in accurate work be reduced to the normal 
temperature and pressure.* The j^ercenti^e by volume can than 
be (^cukted. 

PRACTICAL EXKUCISES. 


I. In a gajfomctric determination 71 \ c.c. of ^ were obtained from 
O13055 gram of mineral Tlie “volume corrector ” reading was 
102.Z cc, 0.3445 gram of pure c.irbonate of lime gave 74.1 c.c. 
The '‘volume corn’Clor” reading was 100.6. What Ls the per- 
rentage of cAriX>n dioicide in the sob'^tance? 
t, Wlut vulumc of dry giw at o’ C. and 76a m.m. pressure should be 
obt.iiine<l from o. ut5 gram of carb<miic* of limef 1 c.& of CO, 
under these ron weighs 1,97 miliigrams. 

3. A sample of C4/:il i> n-j«irted on as follows 


Volatile 
Pijced carbon . 

Ash. . . 


• *-315 

. I.OfJI 

. 3S'4J^4 

. 50.172 

. 12.028 


100.000 

What Is there about t!i « requiring ciplanaiion f 

4. Calculate tiie percentage if igalv idc acid in a mineral from the 

foilowi^f <1*U : — 

Weight of apparatus and add .... S7.08SS grams 
,, n M plus mineral. . S8.8S5S „ 

* • sfi^r !ivs 5 of car* 

Ijoric acid . , SS.1000 „ 

5. A sample of pig Iron contaia-i 1.43 j*t’r cent of "coml'incd” and 

t03 |W!r rent of ' rarhon. Taking 2 grams of it for each 
delrrmlnatlnn, what of CO, will K’ got on burning the 

rtaldue from solution in ammonium cuprie chloride, and what 
from the lesidue after ‘•iNiaion in hydrtxTiIoric acid f 


BORON AND HORATES. 

Bonm oocuni iit witure aa boric acid or sa^Hne (HjBO,), 
^tmx or iincAl (Na,B.Of.ioll, 0 ); uleiit^ or boronatrocalcito 
tiorocalctto {CaB^0p4H,0) ; ^rwate, 
^ other minetub. ^ric arid is also a 

a Sm aodar Q^mmttrk 
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constitoe&t of oorteiik eilicatcei, such as tounnalinei aximtOf and 
datholite. 

The imtural boratca are used io the preparation of honx^ 
which is largely ei«ployi‘d as a preservative agent, for flujcing^ 
and Idt other purposes. 

There is only one series of boron compounds which have any 
importance. These are the bomtes in which the trioxide (B, 0 ,) 
acto the part of a weak acid. The addition of any acid libemt^ 
iorm add, which sejianitcs out in cold wlutions as a crystalline 
predpitate. Boric acid is soluble in aU-ohol and in hot water. On 
evaporating these solutions it i« volatilised, although the anhy- 
drous oxide is hxed at a red heat. Tim bomtos are mostly 
fodhle compounds, and are soluble in adds and in solutions of 
ammonic salts. 

Detection. — Boron in small quantities will e«cn|« detection 
unlcKS S{>ccmlly Iooke<l for, but there is no ditliailty in detecting 
its presence. lleattHi in the Bun.s-n l unicr Came with Turner's 
test,” it gives an evanescent yellow i.sh gm n colour, due to fluoride 
of boron (BF,). “ Turner’s tt>t ” Is .* mixture of 5 parts of l*i- 
sulphate of potash and 1 fisrt of fluor Boric add itstdf 

imparts a characteristic gret ri ii»!f ur to the flame, which gives a 
spectrum made up of four well nsurkesi and er|uidUtant lines, 
three in the green and one in the bltjr. Solutions of boric add 
give with " turmeric which has lucen dipped into it and 

dried, a clmratioi istic ml tint. ThU in a very delicate U«t, hut 
in trying it n blank eX|M'rin;« nt should be carried out alongride 
with a solution made up of tii>' itr agents which have been 

used in LiWraling the bori<- at id in the fatn|de. 

Solution and Separation. — 14.0 sr>luUon prt'santii no diiB- 
cttity, but the set oration is troubh'sotne. Tbe beat method u 
that of Gooch; who, if necessary, hist fuses with carbonate of 
soda, and alter the removal of chloridi^ and fluorides nitrate 
of adver or a lime wit), eiw^joratesi the af|ueotJA extiWt with 
nitric or acetic acid to diy ness in a retort and, sulwrauently, with 
repeated deses i>f to r.& each of methyl alcoho!. Ine distillate 
contains tbe U ri n as Ixiric add Half a gruin of the trioxitle 
(B,0^ is cf*injditely carrietl over by two evapomtion*, each with 
10 c.e. of the alcohol ; but if water or foreign aalU are pmeat, 
tMure than this is re(|iitred. In orditiary cwmoi six such aiiqpcrw 
lions lie suihrient for 0.2 gram of the oxide.* 

^ Sit ** A Methcd for the fltparaiiofi and SiUmatioa of Solie Aeid»” hf 
W, A, Seech, Ofasrirad Asm, daaaary J, thiSf. 
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OBAVIMBTEIC DETEEBtllTATION. 

Before the iutroduction of Gooch's process it wa.s usual to de- 
tenmne the boron trioxide by difference." If the alcoholic 
disUUate containing the boric acid is digested with about i gram 
(a known weight) of lime for ten or fifteen minutes, the alcohol 
can be evaporated off without danger of loss. Either calcium 
nitrate or acetate (which will be formed at the same time) yields 
lime upon subsequent ignition. Consequently, the increase in 
weight, after ignition, upon 
that of the lime taken gives 
the amount 0! boron tri- 
oxide present The tri- 
oxide contains 31.4 [K^rcent 
of boron (B), Siiux* mag- 
nesia does not form a 
soluble hydrate it cannot 
satisfactoriiy be used in- 
stead of lime. 

The apparatus required 
is shown in fig. S3. It con- 
sisU of a sr^l retort or 
evaporating vessel made out 
of a pipette of 300 c.c. 
capacity. This is heal<yl by 
means of a parnlEn-Uth 
at 130* or 140* C. It is 
oonneoted with an upright 
00&denaer» at the lower end 
of which it a amidL flask 


■ 


which aeiTee as a receiver. P'ig. Si. 

Th« quantity ol the 

bomta liken ah^d contain not more than 0.2 gram of the tri- 
oxide. Insoluble compounds are dissolvc^l in nitric acid at once, 
or, if noruPMSn, first fused with sodium carl^oimte.” With 
ioiutdi iod alludine bomles sulficient nitric acid is added to 


ren<W It fiuAUy add. The solution is then introduced into the 
retort, 

** Tbi to retain the boric arid m the distillate, is ignited 
tn the cfiict^ in wbkh the eva{x)mtion of th^ distillate is to be 
BBide mblOQiieiiUy.” It is then cooled in the desiccator for ten 
minatOBi wd ivatghed. The lime is transferred to the receiving 
flMk with a little water. The retort is lowered into 

^ hath an that ** only rear dipt bdow the sutfade.” The 
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mporati(m is ourried to drywens, the retort being lowered further 
into the beth sa the eveporetiou proceeds. Ten o.c. of methyl 
eloohol ere introduced upon the re:iidue, and the evaporation 
again started. Six such portions of alcohol are thus distnled and 
a C.O. of water are introduced and evaporated between the second 
and third, as also between the fourth and fifth distillations. If 
acetic add is used instmd of nitric in the first instance this addi- 
tion of water is unnecessary. 

Hm dUtiliate is evaporated in tlie cnidbte ignited over the 
blowpipe, cooled in the desicc:\tor for ten minutes and weigbei]. 
The increase in weight gives the boron trioxide. The results tend 
to be hum i to a millignuns Ux> high. 

VOLITMKTHIO MBTHOD. 

IWa method is afplicalde to the indirect dt lenuination of boalc 
add in borax and rimilar mmpoun<U. It U l^ot^edon the measurtv 
ment of the quantity of nnnn.al solution of add required Uj 
replace the boric add. and, tx>n.sei(ucut!y, in rathesr a measure of 
the soda present. The proce^.H an alkalimetric one, and L* 
carried out as follows : — Wd^di up 3 grains of the sample and 
dissolve in water. Tint with methyl orange, and run in fmm an 
ordinary burette normal aoluti<m of stilphuric add until a pink 
tint is got. 100 c.c, of the nonnal s^dution of add are ixjual to 
7.0 grams of boron trioxnle (iV^ib grams of anhydrou> 

borax (Na^BjOj). 

Sxaminatioii of Borax.— In Addition to the doterminatirm 
just given, the following d»'tenni nations an’ alw required : — 

Water. — Take aliout 3 »nd limt U* tranquil fusion in a 
platinoin crudblc. (.‘ouiit the haiM tn wxdght as water. 

Solphmic Oxido,— T.Oce 2 grams, dis^dve In water, aridifv 
with hydrochloric add, filter, and predpiUte with barium 
chlorideL Wash the precipitate, ignit^ and weigh as haritim 
sulphate (see SuIpAi^). 

Chlorine.— Take 2 grama, dksolve in water, addtfy with nitrir 
add, filter, and add sOver nitrate. OoUect^ wash, and weigh th<* 
pfedpfUte as diver chlorkle. 

Altunina. — Take 5 or 10 grams, dissolve m water, boil, add 
ammonia in alight excena, and filter OS' the tuedpiUilcf wut^n it 
has settled. Wggh with hot watm*, knitii ana weigh Wi alumina 
(Aipj. 
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/or Convtriing Degrees of Centigrade Tlt&’irmukr i-nio 
Dtgrttt oj Fahrenheit 9 Sccde* 
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Nmuo Acid, 


Ta£/tf lAoirfHjf ikt pertentagt^ 6y of Beal Aoid (HNO^) m 

Soiuiiofts of yitrie Acid qf different Speoifie GravUia, 
TemperaHertt 15 ®(X 









*WBHDn: A. 


437 


Htdwchwric Aoin. 


Orovia^. Temptra/ute, ^5*0. ^/<^tferc 7 U Spedfic 
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SoLPHTTBIO Acnx 

TalUAomng th perctntaye, hy Weiyk, of Real AeU {nm\ in 
Agueoui tSfAuiiona of Sulphuric Acid of varying Specific 
Gravity, Tempernturt^ \ 5* G. 


1.838 

toao 

1.568 

66.0 

1.247 

33.0 

1.8^ 

99.0 

*■557 

65.0 

1.239 

32.0 

1.841 

98.0 

*545 

64.0 

1,231 

31.0 

1.K41 

97 Q 

*534 

63.0 

1.223 

30.0 

J.840 

96.0 

1.523 

62.0 

1.215 

29.0 

• 1 . 838 

95.0 

1.512 

61.0 

1.206 

28.0 

l.8j6 

94*0 

1.501 

60.0 1 

r.198 

27.0 

1 Si4 

930 

1.490 

590 1 

1.190 

26.0 

l.8jt 

92.0 

1.4.S0 

5S.0 ; 

1.1S2 

25.0 

i.Sj; 

91.0 

1,469 

57-0 ! 

1. 174 

24.0 

1.8^2 

90 0 

1 45ii 

56,0 1 

1.167 

230 

1.816 

S9.0 

1.44S 

55.0 ■! 

M59 

22.0 


S8.0 

1.43S 

54-0 j 

1.151 

21.0 

t.8oa 

87 0 

1,42s 

53-0 

M44 

20.0 

1794 

!6,».o 

I,4tS 

52.0 

1.136 

ig.o 

1.7S6 

S>o 

1,40s 

5*0 

1. 129 

zS.o 

1.777 

.Ht 0 

I.joS 

50.0 

1.121 

17.0 

1.797 

81 0 

l,;,M 

49.0 

MI3 

16.0 

1*75*^ i 

8; 0 

* ,5:9 ; 

4S.0 

1. 106 

15-0 

*745 

81. 0 

s *3:0 

470 

1.09S 

14.0 

1734 

80.0 

i l.jOl 

46.0 

1. 091 

130 

l. 7 « 

79.0 

i 1-35* 

450 

I.0S3 

12.0 

1710 

78.0 

* 74 * 

440 

1.07s 

11.0 

1.698 

770 1 

^ *-333 

43.0 

i.o(>8 

10,0 

1.686 

76.0 ; 

* 3^4 

420 

I.Ofll 

9.0 

1.67$ 

75^0 1 

j *- 3*5 

41.0 

1.053 

io 

1.663 

74.0 i 

1.300 

40,0 

L046 

7.0 

t.6si 

73-0 

1.207 

jo.o i 

1039 

6.0 

t.6^ 

71,0 

l.2S<) 

3S.0 

I.Oji 

5.0 

t.627 

71.0 

!.28| 

37-0 

1.025 

4.0 

1.615 

70.0 

1.271 

36.0 

1 1.019 

3-0 

1.604 

69.0 

1.261 

3 vO 

1 

2.0 

1 59* 

68.0 

1.256 

34-0 

1 

r.0 

t.$80 

67.0 



* 1 





APPENDIX B, 


■STWATIOy OF SMALL gUANTITIES OF GOLD.* 


Ijr the cwm cmaU bnttou of gold the weight cut bo determined 
more oudljr and accaratelr bj mesjaring with the help of a micro*co^ 
than by Um actoaj tuw of a bolanco. Uoreorer, the method of meaKUrc- 
moot ii applicable to the det^mination of quantitte* of gold too mioote 
to affect ereu tbe moot Ueticato baUnoe. 

Kitf qaaatttloi of gold of from .5 to >00$ milligram a mlcroacope with 
I tncb obieotiTe and B ejepUve ia suitable. The mrasaremcnte are miulo 
with tbe help ol a acale engrareti {»r, better, photographed) on a circular 
piece of glaea which reels on the diaphragm of the eyepiece, ThU acale 
and the objea upon the stage can l>e easdy broogbt into focus at tbe 
same time. Tbe batton of ^)kl ol<:ained by cupelling is bxMcned from 
the capel by gently tnaemng with tbe maUteiie<l jKtlnt of a knife; 
it gaoerally adheres to the knife, and b then traiuifuTed to a glaM slide. 
Tbe slide is plaotni on tbe Kage of tbe microeoope, tllumloated from 
below; and the button is brought into foens, and so placed that it 
apparesUj coincides vith tbe scale. The duuneters In two or three 
dueottoas (avoiding tbe fattened surface) are tbaa read off : tbe different 
directioaa being got by rotating the eyq>iece. Tbe mean diameter is 
taken Tbe weight of tbe button is arrired at by oosnpafing with tbe 
Dcan dkameter of a rnamdftrii prUi of gold of knoarn velgbt, Tbe weights 
are is the pro{wtfon of tbe cubes of tbe diameten. for aaamplai sappows 
a pHD baa bera obtained wbkb 13 $ diviskns id the soate^ and 

Ibat a standard pflll waifhing at mUligram aaaegfn ll,t dlvilioos. 
Tba waigbi will be eakolated as folloirs : 

is.i* t ijLjf tt ai i 


tt.t X n.i X iM 




Tin mkmhtkm wn fImptIM ^ Um gf a laMa «ite. tbs 
Hiiilaiff prilli«nMitbneompMtMaio^aQiaffarflMobliilMtrott 

ta**tbilrtlHitioaef Ifisate Qaeatltlai 
tta LHaipeil r^yMMeffosisty. 


afOiU,* If tks, Os aifi tatoi mU 



Afmma g. 


^p^totedetermiii«d. They are prepared by •JJoyingkiiowuwiight* 

m gold apt bno, *0 m to get ao alloy of known cottipositiou, say one pear 
cool fold Portiona ol ^ aUor containing the weight of gold reqnliad 
(tty a I BdUlgM) aw then wdgbed off and cupelled on m»\i mooth 
enpol^ •ado adth too flooit booe-aah. Care most be taken to remove the 
tt lowB aa cnpeUatton haa Mahed. Beveral standard prills of the 
■ane fiM sboald be made at the same time, and their mean rliamat^ 
oalcnlated. The lead for making the gold-lead tUoy is prepared from 
UUurge parifled by redocing from It abont lo per cent- of its lead by 
fostoD with a milUble proportion of (lour ; the purified litharge is pow- 
dared, mixed with tufficient fiour and reduced to metal. 

In deCenninlng the gold contained in small buttons of silver-gold aUoy 
obtained in assaying {and In which the sDver is almost sure to be in excess 
of that leqaiied for rarting). transfer the button from the cupel to a «wali 
clean porcelain omablo ; poor on it a drop or two of citric acid (diluted 
with half Its boUc of water), and heat gently and cautiously until action 
lias ceased. If the residual gold is broken up, move the crucible so as to 
bring the particles together, «o that they may cohere. Wash three or four 
times with distilled water, about half filling the crucible each time and 
decanting off against the finger. Dry the crucible In a warm place ; and 
when dry, but whilst niil black, take the gold up on a small piece of 
pure lead. Half a grain of is sujhcicnt.aDd it is best to hold it on the 
point of a blunt penknife, and press it on the gold in the crucible. The 
latter generally adheres. Tmnhfer to a small smooth cupel and place in 
the muffle. When the cufK-llation has finbihcd, the button of gold is 
measured as aiiauly described. 


PRACnCAL irOTES O.V THE IODIDE PROCESS OF 
Cr^PI'EIt Jl^^AYIKG. 

For th# following renutrks and rxpcrimaits we are indebted to 
Mr. J. W. Wesstmofrland. a hu has had amsidcrable experience with the 
process. Haring dij»oIvc<l the ore he converts the metals into sulphates 
by evwtjo rating with sulphuric acid. The copj*er is then separated as sub* 
sulphUk by DMaans of hyposulphite of fcxia, and the pn-oipiiate is washed, 
dried, and cmfoincd. The rwuhir.g oxide (d coppr is Then dissolved In 
oiirfo acid; and to the concctitrate<] aduiion, a saturated solution of 
carbonato of aoda is addod in sufilciont cu.inrity to throw down a con- 
Siderahle proportion of the cepjnr. Acetic acid is added to di^Ivetha 
pred^tale, and when this is effc<'tcd more of the arid is poured on so as to 
render the solution strcmgly acid. To this potassiuns iodide crystals are 
added in the jproptwtion of ten partsuf ioilide to each one part of copper 
supposed lo W preseol. The solouon b then titrated with “hypo as 
Muai 

Fof the usnbttlioi) of technical products expe^ents made In 
snlphurle aoid aoluUons have no value, since arsenio acid, which la 
gvnenUJy Mwaml to a greater or l<«s extent, affects the end reaction. In 
such btomeUi may also interfere. 

The aoletiflo hast suited for the assay it one oont^ning acetnte of soda 
and flee aoeefo wW. The presence of aceute of soda counteraci s the JDt«-- 
temoe of tiaenlQ and of btsmuih. 

Tltt Ml«m fit ttw tdae odour afitt Mtratimi ia doe to the excessive 
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di]at]<m o! tin or to an InsolBdaooy of potonlimi iodldo, or to tAo 
preMoce of nilfOQi fumot. Themtorforonooof onoiooMof •odiiiinoooUto 
ti omided bj addii^ more todlde oyitels to the exteot of doaUing the 
mud emoimt 

The ioterference of lead can be OTolded hy the addition of ioI|>bQrio 
add or of phoephale of eoda to the add solution ^ntaiolng the oojmpw, and 
bcdore neutraUsing with carbonate of soda. The end rm:tioD is* bowerer, 
with care dUUngvishable without thU addition. The following erperiinmits, 
each cwotaining .064S gram of lead^ were made bj him in UiusUatioo i 


Oaepwtafcstt. 

Bssfrat sddsd. 

Copper fouaA 

Eadmctke. 

.3092 gram 

__ 

.2077 gram 

fidrly atishct(»7 

.2101 H 

— 

.2093 » 


.2167 . 

snlpburic acid 

•2152 » 


. 2 U 7 » 


,2I0S . 

n 

. 2*09 a 

phosphate of soda 

.3092 M 

good, colourless 

.2205 . 

m 

! .3174 a 

niher yellow ^ 


Efitt of S)di»m — Each aolatlon oontained .3)43 

OOppOf. 


** Acetate** added . 

a. &. e. 
rn=u. 

d. 

rnma 

16.2 

s. 

VTMW. 

16.2 

/. 

rnma. 

16.2 

tram. 

16.2 

"Iodide "added . 

• 3-5 

3-5 

7.0 


7.0 

Copper found 

• ‘5343 

•3324 

‘335* 

.3269 

•335« 


In these experiments, cxc^^pi with the excessive quantities of acetate of 
•ode and the LosotScicui v o( potassium iodide in the casos of d and / 
Ibeie was no diifictiltj with the after- blueing. 


METHOD OF SEPARATIKG COBALT AND NICKEL 

The following method of separating and estimating cobalt and nickel has 
been described bj Mr. James Hope,* with whom it has been in dailjr use 
for several years with c^^mpletely satisfactory results, 

Tbe qnaolitT of ore taken ibonld contain about .5 Ifntm of tbe mixed 
metxUs. It is dissolved in hrdr^xrhlorir acid or aqua r^ria, and the solution 
evaopfwled to drjnc**. T1i*» is taken ^ with dtlnte hydrochloric 

eciaaild hot water. The soluti'^in is filtered oB Dom silica, freed from 
Mco&d group ct^Uls by treatoMmt with sulphuretted hydrogen and 
iherted, and after oxidation with nitric add is sepanUed from iron and 
alomhia hr titwe iswic areut* method (psce ijtyV The preddtate is re« 
(&wolTcd to a Uttie hydrochloric arid, ana again precipitalea by soclium 
aeHate. The two gJuates aie mixed and tieated with a litUe acetic aci<l, 
and the oohaM and wtoke) are tbsm pred|4taled as ftJphides br a current 
nf Mdphnmted hydrogen. The precipitate Is IMered off, vasliid, drieot 
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«d ocldsedl tod the rwriltiDK oxides are weighed to get aa idea as to the 
qva&tt^ of the two metals present. 

The mUcined precipitate la dissolved in a small covered beaker in aqua 
re^ wiUi the help of a few drops of bromine to remove anj separated 
•mpbiuv and the eolation evaporated to dryness with a few drops of 
■nlpbnrlo acid. The residue is dissolved in hot water, diluted to about 
u) O.O., utd beate^l to boiling. About 2 grams (foar times the quantity of 
mixed metals present) of ammonium phosphate (AmHjPOj are weighed off, 
dissolved in the smallest possible quantity of water, and boiled for a minute 
or two with a few C.c. of dilute sulphuric acid. This is added to the 
boiling' hot solution of cobalt an<l nickel, which is then treated cautiously 
with (^ute ammonia until the precipitaU; partially dissolves. The addition 
of the ammonia is continue] drop by drop with constant stirring, until the 
cobalt come* down as a pitik prt-cipitate of ammonium cobalt phosphate 
(AmCoPOi)- The btakcr ;s pla/:ed on the top of a water bath with occa- 
iilrrlng for five or urn minutes. The blue liquid containing the 
nickel is decanted through a small filter and the precipitate is dissolved 
with a few drops of dilute sulphuric acid. The resulting solution is treated 
with a small excess of ammonium phosphate and the cobalt again precipi* 
by the cautious a^id^iion of ammonia exactly as before. The precipitate 
containing the whole of the cobalt is filtered off and washed with sm^ 
qoaniiUea of hot water The filtrate is added to the previous one contain- 
loff the greater part of the nickel. 

The aromontura cobalt phosphate is dried, transferred to a platinum 
crucible, and i£niti*<i over a Bunsen flame for fifteen or twenty minutes. A 
purple coloured cobalt pyrophospliate (Co,P, 0 ,) is thus formed, and Js 
weighed. It cenutins 40.3 far cent, of cobalt. „ . . •, 

The mixed filtrates containing the nickel are placed in a tall beaker, and 
diUled If necewsary to aloul :oo c.c. Ten c c of strong ^moma ^ 
added and the solution, heaie^l to 70’ C,, ts rc.vly for electrolysis. A battery 

vntaiaiag known weights of the two metals. 
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A LBCTUKS ON THE THEORY OF SAMniKO. 

Thi problem “IJ :«inpler li wwentially the same as that of the atudcnl 
One airoa at jtclting a small parcel of ore, the other a 
Dumber of data^ but each hopes to obtain what ahail represent a true 
average applicable to a morn larger mass of materia!. Ignoring the 
mecbanical part of the problems, the sampling errors of the one and 
the deviuiioos from the average of the other are the same thing. 

It m.aT be doubted whether many not specially trained in the study 
of statistics could answer such a question as the following Seven 
hundred thousand men being employed, there are, in a given year, one 
thousand deaths from accident. Assuming the conditions to remain 
unaltered, within what limits could cue foretell the number of deaths by 
accident in any other year ! 

On the other hantl, there U a widespread belief in th . eflicacy of what 
is called the law of averages. £ven the ordirtary n wtpaper reader is 
accustomed to look on the national daatlorate or birth-rate as a thing 
capable of being siaictl with accuracy to one or two places of deciroala 
and he knows itmt the annual numlicr of suicides is practically constant. 

If a man played whUt often ard kept a record of the number of irumpi 
in each hand, he would tuui fortune treatinri him quite fairly ; in a yeru's 
play the average number would dev iate very little from the theoretical 
average, one quarter of thirteen. And a knowledge of this truth is 
usefnl, and teat not merely in keeping ejacalattons in due restraint, But 
every good player know* more than this: he has a sense of what variations 
in the number of trumps may reasonably bo expected. For example, hs 
will ^ prepared to risk something on neither of bis opponents Mvinit 
more khan five trumpe, and wilt accept it as a practical certaiotv that no 
one has more than i^hL Much of what is known as good juagment is 
based on a proper estimate of deviations from the average. The question 
has an important bearing on sampling, as may be seen from the fact that 
shufBii^ and dealim at cards are but modifications of the well-knowu 
and qoaneri^ of the Mmpler. 

Bccanse of tlds bmng on sampling and for other reasons. 1 beeame 
many years ago muefa interested in the question, and gave to lu solution 
parbi^ more kboor than H waa woitlt. in books oo Madkml SteUiUos 
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tho answer to tbo craestton U stated in a mathematical formnla, called 
Poisson’s formnla, wuob« in a modified form, X hhall ^ve further on. But 
this did not satisfy me, becaoae I wanted to learn what a nasonably safe 
h'mil oj error actu^j meant, and this could be best lesumt Ij experiment; 
so with the help of some friends 1 went in for a thorongh course of pennj 
tossing. 

Totidng a penny twenty times, an average resolt would be ten heads and 
ten tails. To find the deviations from this, we t<Msed two hundred 
twenties, ».e., four thousand times. Of the two hundred, thirty-three gave 
the exact average, viz. lo head** ; tixty-four gave an error of one, viz. ; 
— 9 or 11 beads ; forty-nine, an error of two ; twenty*six, an error of three; 
twenty, an error of four ; eight gave an error of five, and this limit was not 
exceeded. From thc.'^c we may hay that six is a reasonably safe limit of 
error. Ninety-seven cases, say one-half, gave an error not exceeding one ; 
and the mean error is i .8. 

In other words, in twenty tofises you will not get more than i6 nor less 
than 4 beads ; you are as likely as not to get 9, 10, or 1 1 beads ; and lastly, 
if you tost in twenty tlirows all heads or tails over lo your average loss 
would be 1.8 penny, or say rourjjly 2d. on the twenty throws. 

• It was necessary to compr re these with another series containing a 
Larger average, say that of ux) heads in 200 throws. I conf^s the labour 
of tossing pennies two hun<;rcd at a time was little to our taste. So from 
a l)ag of pennic.'i borrowed from the bank, we weighed out samples con- 
taining two hundred, and for an evening we were busy counting heads and 
tails in these. The he-ids in sixty samples ranged from Soto 114. One 
hundred bea^ls occurre^l seven times. The extent and frequency of the 
errora U shown in the table. 


Error. 

No. of 
Timek, 

Error. 

No. of 
Times. 

Error. 

N o. of 
Times- 

1 

8 

6 

3 

11 

I 

1 

5 

1 1 

3 

14 1 

3 

3 

6 

8 

3 

»5 

I 

4 

3 

9 

7 

iS 

2 

5 

6 

10 

1 I 

20 

1 ■ 


Wa may call the limit of error 21. Twenty. nine results out of sixty, say 
one-half, Imd an error not exceeding 4; and the mean error is 5.6. In 
comparing these with the scries 10 in 20 we must, working by rule, divide 
not by 10 but by 5. 16, the square root of 10 ; for if we multiply an average 
by any number * the error is also roultiptiwl but only by the square root of 
the number. The error varies as the square root of the number. Now 

ti ^ 3. 16 s 6.6 s limit of error for 10 in 2a 
5-6 -f- 316 K 1.8 a mean error „ „ m 
4 ^ ^r6 K t.a a probable error „ „ „ 

It wHl be teen that these calculated resulU agree fttlrly well with those 
lotaaQjr obtainad. The nde by which theee cidcalatioDi are made li im- 

*■ ThetoinneialtlpUedby losioolaeoa 
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porttni and wUl bear huiher Ulnsitaiion. To oaloolate the Bumbar of 
heads in 3200 throws, we hare to find the Umlt of error o& a true average 
of 1600 in 32CXX This being 16 times the averse of 100 in^aoo^ the oo^ 
reBpwdiiu^ errors most be malUpiied by 4. This gives 

ai X 4 = 84 =s limit of error. 

5.6 X 4 s 224 s= mean error. 

4 X 4 = 16 = probable error. 

The results 1 have actualij obtained with these large nambers are hardly 
enongh to base much on, but have a value bv wav of conrtr(natio&. Ex* 
pecUng 1600 heads, the actual numbers were 1560^ 1596, 1643, 1557, 
1591. i6o;, 1615.1545. 

It will be seen that exactly half are within the probable error ; but thb, 
considering the small number of results, mast be more or less of an acci- 
dent ; it is more to the point they are all well within the limits of error. 

I have a large cumber of other reisults which with a single exception are 
all in accord with those given; ami this exception only just overstepped 
the limits. It was like a ease of nine trumps, which tb^mgh in a sense 
possible, is very unlikely to hapiien in any one’s ex|>erienco. 

But even now we are not quite in a portion to answer the question witn 
which we starteil If you refer to it you will >ee that wearo face to face 
with this problem : the limit of variation on the tooo who died would 
be say 70,* ignoring decimals. Hut if we calculate on tbs jumbcr who did 
not die, vijE.- 699,coc!^t we shall get a variation 26 times as great as this. 
But it is evident the variation must be the same in each case, 1 submitted 
this kind of problem also to the lest of experiment, the resolU of which 
gave me great faith in Poisson's formula. 

Imagine two hundred | ennles in a bag all heads np. Any shaking wUl 
spoil this arrangement and give a cert.ain proportion of tails. And, further, 
the probable effect of shaking and turning will be to reduce the prepon- 
derance of heads or tails whichever mar be in excess. This of course li the 
reason wny we are ao unlikely to get more than 120 of them in either 
position. 

But if the two hundred pennies are increased to 20,000 by adding pennies 
which have tails on both sides, then the sltakin^ or mixing would m less 
effective. We should still expect as an average result to get the too beads 
but in 20,000 instead of 200. Tlie variation will be 28 or 29 on the too 
instead of 20, And this is a better limit in such cases. Takm(f 28 os tki 
bmit of e rr or on loo imtancn and pro|K>nlonally Increasing the others so 
that tJte mmn error beeomt* 7.8 and thi probabU error 5.6, we may now cal- 
culate the answer without gross mistake. 

The probable variation on the looo deaths by accident will be t8, the 
swan variation will be 24 6, and the limits of variation 88.5. One such 
table showing in five years a mean number of deaths of alH>at it 20 per 
annum gives an annual deviation of about 50 up or down of this. It will 
be seen at once that an improvement of 30 or 40 in any one year would be 
without mesnlng, but that an improvement of from 100 to 200 wonld Indi- 
cate some chanj^ lor the better In the dreumstanoes of the industry, 
Before applying these principles to the elnddation of lomeof the problems 
ol Mining it will be weD to give Poisson's formula (In • modiflkl form) 
UBd to lUMSiute its wmidng. 

* If uB^ As eiTore (or too by the iqusie mot of id 
f MuM^ the sans for uo hy Ihs sgutie mot el 699^ 
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Let V eqoal the number of cases of one sort, y the cases of the other 
sort, and s the total In the example, z will be the 700,000 engaged in the 
industry ; z will be the 1000 killed bj accidentSi and y wUl be the 6991,000 
who did not SO die. The limit of deviation or error calculated 17 Poisson’s 
formula will be the square root of Beplacing s? y and z hj the figures 

of the example we get the square root of whiob works out to 

the square root of 7988. 57, or 89. 3. Which means that wo may reasonably 
expect the number of deaths not to vary from 1000 by more than 89, i.e., 
they will be between 1090 and 910. It will be seen that this number is in 
very satisfactory agreement with 88.5 given by the rougher calculation 
based on my own experiments. 

To come to the question of sampling. Consider a powder of nnifonn 
fineness and fine enough to pass through an 80 sieve. For purposes of 
calculation this may bo assumed to be made up of panicles of about one* 

eighth of a millimetre across (say roughly ~ of an inch) ; cubed, this 
gives the content as about ^ (strictly of a cubic m.m. Now one 
cubic m m. of water weighs i milligram ; therefore 5c» such particles if 
(hey have the specific gravity of water weigh 1 milligram, and otherwise 
weigh I milligram multiplied by the sp. gr. ; 500 {articles of ruby silver 
(Pyrargyrite) * will weigh 5,8 milligrams and wiU contain nearly 3.5 milU- 
giams of silver. 

Now suppose a portion of 3.2667 grams Assay Ton) of silver ore to 
contain 500 such particles of ruby silver and no other material carrying 
silver: such an ore would contain 35 ors. of silver to the ton. But the 
limits of variation on 500 particles would be xSt multiplied by the square 
root of 5, or 62 particles. Thus the limit of sampling error would amount 
to just one-eighth of the silver present, or say to rather more than 4 ors. 
to the ton ; the mean sampling error would rather more than a quarter 
of this, or say about 1,3 ots. to the ton. 

On the other hand, if one took for the assay a charge six times greater 
(say about 20 grams), the number of particles would be 3000 and the limits 
of variatioii would be 28 multiplied by the square root of 30, or 153 par* 

Ucloi, which if very closely ^ of the silver present, or say 1.75 ow. to tha 
ton, whilst the moan error would amount to about ,5 ots. to the ton. 

To work these examples by Pois^son’s formula let us assume the gaugue 
to have a mean ip. gr. of 3. Then $00 particles would weigh 3 milli* 
pUBi ; and 3.3609* pams would contain 543.500 particles. There would 
M then 500 of ruby tilver and 543.500 of gangue, together 544.000, mid the 

f(»mala gives the square root of which works out to 63 par- 

tklee M egaintt 63 by the other method. 

A pnctloil conclusion from this is of course that either the ore most be 
powoersd more finely or a larger portion than 3 grams must be tak^ for 
the assay. Moreover, it is evident that on such an ore no small sample 
must be taken cootaiiiing less than several million particles. 

^W***^f«* BOW a copper ore of the same unlforet fineness containing 


* ^ Or. 5J, Snverdopereeet 
f Tsklag eS as Ike Itadt m variatioa tm no. 

I TWwei^tsftksoielwMtiieweightof mbyrilvertBit 
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putlolw of oopper pyrites (sp. gr. 4 ) of which 1000 pwUelas win wdga 8 
millignjne, muted with gaogue of which 1000 partioles weigh 6 milU* 
grams. 

If c«e gram of such ore oonUln .5 gram of copper pyrites ( b .1735 
nam oo;^) and .5 gram of gangne, these will oontain 62,500 and say 
83,^ pwcles respectively. Altogether 146,000 parUcl^. With Poi«. 
eon a formnla this ^ves the limit of sampling error as the square root of 

or 521 partioles. Bnt a vanation of 521 on 62,500 is a varia- 
ti<m of .$3 pm* cent The percentage of copper in the ore la 17.25 per 
cent, and ,03 per cent, of thU is .14 per cent The limits of sampling 
error, therefore, are 17.11 per ce^l. and 17.39 per cent. Again, it mast be 
remetnbeired that the mean sampling error would be a little over one-qoartet 
of this, or say from 17.2 per cent, to 17.3 per cent. The practical conoln* 
sion is that a powder of this d^ree of hneness is not fine enough. In 
last place let us consider a similar iron ore containing 90 per cent, of 
haamatite (sp. gr. 5) and 10 per cent, of gangne (^p. gr. 3), 1 gram of such 
ore will contain 90,00c particles of hematite weii;hing .9 gram and con* 
taining .63 gram of iron with 16,500 particles of gangne weighing 
.1 (imm. Altogether 106,500 particles. 

PoiBSon’s formola then gives the limits of variation as the square root df 

or 334 particlea. But 334 on 90,000 is a 33 on 63.0, which b 
the percentage of iron present. The limits of sampling error tbmi ana 
62.77 percent, and 63.23 per cent, and the mean Tanalioa is from 62.94 
per cent, to 63.06 per cenu 

These examines are worthy of careful consideration, and it must be 
remembered t^t the ealcuiations are made on the assumption that the 
(on b made up of uniform paitkies of mineral of such fineness as would 
pass easUy tbioueh an 80 sieve, but which docs not pretend to represent 
with great exactness the finene?u of the powdered ore customary in 
ptactioe. They show that having m5<ictl through such a sieve is no proof 
of sufficient powdering, not that all ores powdered and so sifted are unfit 
for assaying. Tbb hut would be an aUurd and illogical concluaion. 

If an ore be powdered to a (.lirlv fine and then he passed througii 
a mries of sieves, say a 40, 60, and So, in nuch a state that liltle or none 
remains on the first, but the others retain a large proi)oriion; then of 
that which comes through the ^ieTe, perhaps two-thirds by weight may 
be even coarser than the powder I have used in the example. Of the rest 
most may be of about ihi^ diameter; the weight of the really fine 
powder may be quite incon^idrrrible. On the other hand, if the grinding 
^ eontinu^ until, on sifting, little or nothing that is powderable remains 
on the sieves; then in the sifte*! product the proportions wiU be very 
diflermitb This last, of coarse, U the only right way of powdering. Abo it 
b evitoi that so much depends on the manner of powdering that nothing 
precise can be stated as to the average coarseness of the powder. Suppose, 
however, hy good powdering a product U obtained which may be representc^l 
hy a uniform pow^ with particles i- 30 th of a millimetre in diameter (say 


roughly ^ inch). Compared with the previous powderi the diameter has 
beeo dmSsd by a.| ; their number, therefore, in any given wdght hit 
bew biereased by tte cube of 2.5, which b 15.6 But the value of a 
vMbi M the square root of the number of particles, fienoe the 
ftmr^ te liH amd UMueqMftt iaereaaa in uumber has made the lampis 
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neiirly foor tlme» better than before ; and it niil be seen that this briogt 

the iamiiling error within tolerable limits. 

There are one or two words of warning which should be given. In thi 
first place, using ago sieve instead of an 8o must not be too much relief 
on ; the powder 1 took in the example would pans through it. It is i 
question of good powdering rather tlian of fine sifting. In the second 
place, a set of, saj half a^doxen, assajs concordant within l oz. where the 
theorj ^ives 4 ozs. as the limit of error does not upset the tbcoty : the 
theory Itself states this as likely, Uis the error you may get b one or 
two assays out of a hundred, not the error you are Uhlt/ to get b any one 
assay, which U considered under the heading “limit of error." 

Accepting the result just arnved ai that a portion of 1 gram may be 
safely taken for an assay if the particles are t-20tb of a millimetre b 
diameter, the further question remains as to what weight of the original 
sample must be reduced to this degree of fineness. This may be answered 
on the principle that the same degree of excellence should be aimed at b 
each of a series of samplings. This principle is illustrated in the table on 
page 2, 

A fine sand, such as would pa!fs a 40 sieve but be retained on a 60 sieve, 
Would be fairly represented by p.article8 one-quarter of a millimetre in 
diameter. This being five times coarser, to contain the same number of 
particles must be 125 times ilhe cul)e of 5) as heavy ; therefore 125 grams 
of it can be taken with the same degree of safety as i of the finer 
powder. Of such a sand al^out this weight should be taken and reduced 
to the finer powder. If the ore were in coarse sand, say b particles t 
millimetre in diameter, this would be four times as coarse as that Isu^ 
considererl, and we should have to take 64 times as much of it : 64 time 
125 grams is 8 kilos, or say roughly from 15 to 20 lbs. This should bi 
crushed to the finer size and mixed ; then from 100 to 1 50 grams should 
be taken and ground to the finest powder. 

There is, however, a reason why, on the coarser stnfT, a smaller proportion 
m.iy safely be used. This l)ecome.s more evident if we consider a still 
coarser sample. A heap of ore in .«iones about 2 inches across would be 
^ times coarser than the aand, and an equivalent s.^inp!e would need to 
t>e 12^.000 times heavier ; this would amount to al>out 1000 Ions, Experi- 
enced samplers would say that under such conditions so targe a sample 
was hardly necessary. 

This is because I have asramed In the calculations that the grains of 
copper pyrites, for example, were all copf>cr pyrites and the particles of 
gEbgue were free from copi^cr. This would !>« tnie or nearly so for the 
very fine powder, but far from true b the ca-seof the ore heap. In the 
heap proluibly few of the stones would be pure ore and still fewer would 
bo freo from copjicr, Tlie stone* would <hffpr among themselves in their 
copper rnntenta only within certain comparatively narrow limita And it 
is evlilent that, if replacing one stone by another, instead of resulting in 
the gain or loss of all the copper one or otlier contained, merely affected 
the result to one-tenth of this amount, then a sample of i-iooihof the 
Weight {say 10 tons) would l« equally safe. 

It should be rememberiNl, however, (hat while the nian who samples on a 
scale can safely and nroj^rly reduce the site of his samples on this 
account, yet the principle is one which counts less and less as the stufi 
he^mea more finely divided, and ought to be ignored b the working down 
of the fawtioe liinplea which come to the nasayer. 
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AdD measure^) 49 
Actdiinetir, 323 
Acidity of ores» i6Js 
Acids. 54 

itiength of. 54, 75, 456 
Air of mines, carix/oic acid irt. 42$ 
Alkalies 330 

deter mication of, 331 
Lavrence Smith's n.eiho.l for, 
333 ^ 

leparatioo of, 332 
Alkalimetry, 323 
Alkaline eart^ yzo 
Alomlua, 314 

deteriuicatton of, 315 
in mmeral pho'f liatc-^. 316 
Migration of, 314, 316 
Anuilj;a:u»tion, 126 
Ammonia detection of, 341 
det* rminaci* n of, 3-!2 
Id natoral walirs, 353 
Antimony, 225 

detection of, 227 
dry amy for, 226 
gravimetric as«ay, 228 
teparation of, 22$ 
volumetric a^y, 229 
Anenic, 381 

detection of, 381 
dry auay for, 3S2 
mrimetric asa^y, 3S3 
u brimst^e, 393 
fai erode arsenU;, 3^, 393 
in mU{dckel, 12*^ 392 
iodine, aeeay for, 3^) , 

separation by dUtiltlng. 384 
■taiiltiai acetate, asitf^y for, 389 


Arsenic, Volbard's method applied 

to, r»4 

A.-^sav b ok, It 
UoW, 12 
results, 7 
tons 13. 131 
A-«>’iying, t 

methods. 15 
Assays, rhrek, [54 
pr«‘IijrL-n iry, I47 
Atomic w i.;ht.s 69 
table of, 433 


Bahium. 326 
B-tryla, 326 

I Harytc^ sulphar In, 378 
I U.is ? bu'.lom, sampling' of, 157 
j U:*s:c acetate »cp,»ration, 233 
itaimie s hydrometer, 77 
Ib ryllia, 319 
Bisinuth. 220 

cotoriin' trie ai»«ay 223 
detf'Ction of, 221 
gravimetric deter jalnal ion of 
222 

in commercial copper 3 oS 
separation of, aaa 
Black tin, 27a 
copper In, 204 
Blank SAsays, 34 
Blende, sulphur in, 375 
tine in, 266 
Book, assay, 1 1 
la^iomtory, to 
•ample, 9 

Boradcacl 4 9 m farm 
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Borax, examination of, 431 
Boron, 429 

direct determination of^ 431 
Bra«<, copper in, 194 
zinc in, 265 

Bromine and bromidea, 361 
Bronze, copjier in, 194 
Bureltes, 51 

Burnt ore, itilver in, 116, 118 
Bulpiiur in, 377 


Cadmium, 269 

gravimt'iric determination, 269 
j^fjiarnlion of, 269 
Cnc>imn. 339 

tfaU inaiion, 22, 92, 1 39, 345 
Cak’ium, 320 

detecijon of, 321 
gravimetric «k-termination, 321 
h< p iralion i*f, 321 
titration wiili i.ormal acid, 322 
titration with iK;rmanganaie, 

Calculation of results 7 
Calculations from foriiiulaj, 70 
Caloriftc caect coal, 419 
(.'aluiitnttor, 4I9 
Calx. 345 
CarU^n, 414 

graAimetiic determination, 416 
in iron or steel, 423 
Catl>onales, 424 

Carboidc acid in the air of mires 
4 2$ 

Canatie pc titsh s potassium by> 
droxido, 65 

Caustic yo^la s sodium htdroxidc, 

66 

Cerium, 318 
Chalybite, iron in, 243 
Charcoal, 21, 94 
Cheek assays for gold, 154 
for silver. 104, 113 
Chlorine and eh oridea, 359 
Chromium, 307 

gTftvimeiric assay, 309 
In chn^mc iron ore, 30S 
tnJumcirio assay, 309 
CUya, examination of, ji6 
Coi^4t8 


Cobalt, 25^ 

detection of, 259 
dry assay for, 251 
gravimetric determination, 260 
In hardhead, 288 
separation from nickel, 442, 254, 
25S 

Coke, 25 

Common salt, examination of, 336 
I Cemccritnitcs, assay for gold of, 140 
; Colorimciric assays 44 
i Coppes 175 
Copper, bismuth in, »>8 

colorimetric assay for, 190; 20$ 
commercial, arsenic in, 388 
commercial, copper in, 193 
commercial, examination of, 205 
cyanide assay for. 194 
dry assay'of, 176 
dry assay, loss of, in 176 
electroh tio assay for, 190, 203 
gold in, 206 
iodide assay for, 199 
iron in, 209, 249 
lead in, 206 
separation of, 183 
Silver in, 205 
sulpliur in, 207 
Copper ores, solution of, 183 
vaIu,T!ion of, :Si 

Copper pyiiies, copper in, 179, 18S. 
i(>S. 202 
sulj.iiur in, 376 
Culm. 22 
Cu{M 1. 23, 142 

Cu^Kdlation, losp, corrections for, 103 
loss in gold, 145 
loss in silver, loi 
of gold lead alloys, 182 
of .silver lead alloys, qS, 110 
tenip<uature cf, 143 
Cyanii'i<i( s. 161) 

Cyanide assay tor copper, 194 
fur mekel, 255 
fur tin, 2S-D 

Cyarddf'ii. alkalinity of, l6y 
a.^say of, 167 
commercial, 160 
double, i6^ 

goUbdisKoIving power, i6a 
prussic acid, 162 
volumetric determination 
i6i 165 
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cyanide liquors. slkalinUy of, 167 
usax of, 164, 165 
assay of, for goUl, 140 
afiMj of, for tine, &o., 169 

Dakikix cells, 185 
Didymium. 319 
Dollars to tbe too, 9 
Dry assays. 16 
Dnujg. 5, 33 


Eabths, 314 

the alkaline, 320 
Electrodes^ 1S7 
Electrolysis for copper, 184 
for nickel, 254 
EqaatioDS, 69 
Erbia, 319 

Fekrocs and ferric salts, 231 
Filtration, 31 
Kini>tun< 42 
Flasks, graduated, 49 
Flatting, 149 

Fluorine and fluoridt's, 363 
Fluxes, 16, 03, 136, IJ?, 3v> 

Forma he, 68 

Furnacfts, 25 

Galena, lead in, 217. 2 18 
Gangne, 405 

iron in the, 344 
Gas-measuritig ap|aratos, 52 
Gase<t, tjiea>urefnent of. 4t 
Gay LnsHAn'a a,*3Wiy for •‘Uver, 119 
' a.^say for stiver toorUfied, 123 
German silver, copjjcr in, 194 
nickel in, 255t ^59 
Gold, 126 

ant^gainatioo of, 126 
in cyanide Uqnor, 140 
less of. in cnpeliation, 145 
loss of, in parting, 154 
preparaiiott of, 63 
fQver in, tS7 « 

•Um is, after p^ing. 154 
test for. 126 

QeU'lsed ailoyi, capdlatlon of, 142 
iampliny of, 


Gold ores assay with cyanide aolo' 
tions, 141 
calcination of, 139 
concent ratea 140 
fluxing, 136, 13$, 140 
sampling of, 127 
size of assay charges, 127 
tailings, 140 
Gold'parting, 150 

platinum in. 145. 154, 170, 171 
Gold-sine slimes, 142 
Graduatetl vessels, 49 
Gravimetric methods, 15, 27 


Halogens, 358 
Hot plate, 30 

Hydrogen, preparation of, 62 
retiuction hr, 284 
Hydrometer, 77 


Ignition, 32 

in hydrogen, 2S4 
Imlicators, 42 
Inqu&rtation, 146 
Iodine and iodides, 362 
Iridium. 171 
Iron, 231 

bichromate assay for, 237, 243, 
carbon in, 423 
colorimetric assay for, 247 
ferrous and ferric, 231 
gfavimetrio determination. 233 
jierniiinganate assay for, 3j6, 
238 

phof*])ht>rus in, 399 

red tie t ion of ferric solutions, 

235.241 ^ 

aefiaration of, 232 
stannoQS chloride assay for, 244 
volumetric a&says for, 234 
Iron ores, iron in, 241, 247 
pboaphatet in, 399 


Ladobatost books, 9 
Lanthanum. 310 

Lawrence Smith's method for alka 
Um, 3J3. 41a* 
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Lead, 311 

colorimetric a»«7 for, 218A 
detection of, zii 
drj a:^Hay for, 211 
gravimetric deter rainatiem of, 
214 

in commercial copper, 20O 
in galena, 217, 218 
eolation of, 211, 213 
volumetric determination of 
chromate method. 214 
ino!vt>date method, 218 
Litharge, eae of, in dry aa>ayb, 20, 
9.1 

Litliium, 338 
Lime, 320 

milk uf, 321 

volumetric assays for, 322 
^imestone, examination ul, 329 
lime in, 324 
Lime wo ter, 321 
Loths, 9 


Magnksia, magnesium, 328 
mixture, preparaliun of, 64 
Manganese, 2(>S 

colorimetric assay, 306 
detection of, 299 
gravimetric deitrinination of, 
300 

■epttration of, 299 
Tolflmetric determination of, 
300 

UangancAc peroxide, ferrous sul- 
phate assay for, 301 
iodine assay for. 302 
^ manganese dioxide. 298 
Mangatmse ore, cop|>er in, 204 
manganese in, 300 
{•eroxide in, 302 
Matte, iS 
Measuring, 49 
dasks, 49 

gJ^44t 5 » 

Bold buttons, 133, 440^ 
liquids, 49 
tllver buttons. ;o6 
Mechanic^ method*, t 6 
Mercury, 171 
dry a««ay, 172 
wat lAiay. {73 


453 

Metallic particles in ores, gold, 
129 

particles in ores, silver, 108 
Blicrometer, 133 

Microscope, measuring with the, 

440. 133 

Mispickel, arsenic in, 125, 392 
sulphur in, 376 
Moisture. 7, 350 

M ul s bdate separation for phos- 
pliate.s, 395 

solution, preparation of, 60 
Molybdenum, 31 1 
Mu die, 25 


NE.S8LEn's solution, 342 
Nickel, 251 

dry assay for, 251 
electrolytic assay, 254 
gravimetric determination of, 

251 

in German silver, 255. 250 
separation from cobalt, 254, 
2.v''.442 

separarion from iron, 258 
separation from manganese, 258 
sej-ar.nion of, 253 
voiiinu'tric assay, 255 
Niobium, 297 
Nitre. 22 

U'-e of, in dry aasays. 95 
Nilrogun and nitrates, 400 
NilrvmeUr, 403 

Normal acid, normal solutions, 323 


Ours, determining water in, 5, 351 
drying, 5 

paj'wdering, 4, K9, 150, 44S 
qu:intities of, for an assay, 1 1, 
27. 127 

eamjding, i, 127, 444 
with metallic particles, 3, loS^ 
129 

Osmiridtum, 171 
0.<<mium, 171 

Ounces to the too, long, t07 
to the toif, short, 132 
Oxidation, 345 
Oxides, 345 

determinatioD of oxygen in, ^ 
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Oxidising agrats, 2 % 95, 34$ 
effect of nitre, 95 
effect of nitric acid, 56 
Oxjgeo. 344 

eqnivalent, 35S 
in natural waters, 344, 356 
in ores, 348 


Pallaoiuv, 171 
Parting. 150 
acids, 150 
in flasks, 151 
in glased crucibles, 153 
in special apparatus, 156 
in test tub^ 15a 

JPhospbate. assaj of aratite for, 399 
assaj of iron ore tor. 399 
Phosphates, gravimetric assa;, 396 
volamctric assav, 397 
Phosphorus and phosphates, 394 
in iron, 399 
Pipette, 50, 120 
Platinum, 170 

in gold, I4> *54i 170. 

Potash, commercial examination of. 
33S 

Potassium, 336 

gravimetric determination, 337 
Potassium evanide, 22, 6>. 160 
commercial assav of, 167 
commercial, puritj of, thi 
Powdering. 4, 1 30, 44S, 109 
Precipitation, 30 
Precipitates,, drying, 32 
32, 34 
washing, 31 

Preiiminarj assays, 104, 147 
Preparation of acids. 54 
of other reagents, 59 
Prill, toS. t29 
Produce, 8 

Pjrarseiuite of magnesia, 383 
PTTites, iios In, 244 
sulphur in, 370. 376 
Pyrophospbau M magnesia, 397 


QUAVTXTTto be tahtt foraoassaj, 
II. *7. 127 
Qnartatioo, 146 
Qaarteriflg. * 


Rkaocnts, strength oj; 54 
Re<i lead for dry assays, 20, 22, 94 
Reducing agen^ 94 

effects of oharcc^, &o., 94 
effect of mineral sulphides, 95, 
97. 9S 

Reduction by hydrogen, 284 

of ferric soluiions, 335, 242, 244 
Regulus, 18 
Report form, 12 

Results, calculation of, 7, 13, 16, 38, 
107. 13:, 132 
statement of, 7 
Rhodium, 171 
R.>asting, 22, 345 
R^illing, 149 
Rubidium. 340 
i Kutbeniom, 171 


Sample book. 9 
Sampling. 1 

effect of jowdering on, 449 

errors, 447 

gold ores, 127 

metals, 157 

theory of, 444 

Scorifi coition of silver ores, 88 
I Scorificr, 23, 89 
I Selenium, 379 
Sejiafation, as sulpVddes, 57 
basic acetate, 233 
molylMlate, 393 
Shales, bituminous, 420 
Silicon and silicales, 405 
in iron, 414 
Silica in rocks, 409 
in hla^s 414 

Silicates, alkalies in, 333, 413 
beryllia in, 320 
ezaminaliun of, 409 
titanium in, 4U 

SUter, 87 ^ 

correction for cupeltation loss, * 

103 

detection of, 87 
Cay’Lussac's assay, 119 
Gay>t4ussacs assay modified. 
123 

gravimetrio determination of. 
117 

in bullion, 113 
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Silver in burnt ore, 116, iiS 
in copper, 114, 305 
in gralena, 114 
in lead, 113 
in oxide of lead, 113 
in nilver precipitate, 113 
losi In cupellatioi), loi 
pure preparation of, 66 
Volhard’ii asaaj, 121 
volumetric metbodi, 119, i2r, 

*23 

Silver lead alloys, cupellation of, 9S 
sampling of, 157 
Silver ore, crucible aui^ay of, 90 
metallic particles in, 108 
Rcoriflcntion of, 88 
8izo of axftaj cliarges, ii, 27, 127 
Slaps, 19 
S(Hladjme, 425 
Solium, 334 
Sodium evunide, i6o 
Solution, 20 
Solutions, normal, 323 
sUindard, 36 
Sj>eciflc gravity, 75, 436 
Sj>ei>«, *9 
Standard, 37 
solutions. 36 
Btandardi^inp, 37 
Steel, carbon in, 423 
chromium in, 31a 
manganese in, 300 
Stoking. 2$. 143 
Sirenpilvof re*gent^ 54 
Strontium, 324 
Sulpliates and sulphur, 367 

gravimetric <ictermination. 369 
volumetric determination, 370 
SolplitdM, reducing action of, 9, 95 
SulphocyaJute assay for sliver, 121 
Sulphur in blende, 375 
in burnt ore, 377 
in chalcocite, 376 
in coal, 419 
la copper, 207 
in copper pTrile^ 376 
In misbickel, 376 
In pyrites, 370. 376 
Bttlphu retted hy a rogen, preparation , 

Bnrohain, 154 
&7sUm in assaying, 18 


Table, atomic weights, 433 
comparing thermometers, 435 
ounces to the long ton, 107 
ounces to the short ton, 132 
sp. g. ammonia, 438 
®P* g hydrochloric acid, 437 
sp. g. oiinerals, 86 
sp. g. nitric acid, 436 
sp. g. sulpbarlc acid, 439 
sp. g. water, 83 
Tantalum, 297 
Tartar, 20, 94 
Tellurium, 379 

improved test for, 150 
Thallium, 219 
Thorium, 317 

Tin, 271. See aUo Black tin 
away for, hy vanning, 276 
Coinish assay, 278 
cyanifle assay, 280 
gravimetric determiualion of 
284 

separation of, 283 
volumetric assay for, 285 
Tin slag, 292 
Titanium, 292 

detection of, 293 
in rocks, 41 1 
separation, 294 
Titration, 35 

indirect, 43, 72 
Ton, as^ay, 13, 131 

long, 2240 lbs. = 32,666*6 ox., 
107 

short, 2000 lbs. =: 29,1666*6 ox., 

*32 

Tungsten, 295 
Tungstic acid, 295 

gravimetric determination, 296 
in wolfram, 296 

Uranium, 312 

Valuation, of copper ores, 181 
Vanadium, 310 
Vanninc, 276 

Volhard's assay applied to arseolc, 
124 

silver a«8ay, 121 
Volume-corrector, 53 
Volumetric assay, 35, 38 
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Watkb. 7. 350 . 

dir^t determination of, 3$! 
examination of, 35a 
ex]>ansioD of, Sj 
aollti-s in, 354 
Weighing, 47 

small gold button^, IJt 
Weighty 47 , . 

WoUiaia, an analjsJs of, 296 
tungstic acid in, 296 


Vttria, 319 


Zinc, 261 

commercial, examination of, 
26S 

commercial, Iron in, 249 
commercial, lead in. 214 
dry ass;iy, 261 
gjisometric assay, 266 
gravimetric determination, 26a 
in blonde, 266 
in cyanide liquors, i 9 
in silver precipitate 266 
SLq)aratiun of, 2O2 
volumetric essay, 263 
Zirconia, 317 
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Fifth Edition, Revised. In La^e 8vo, Pp, i-xxiv + sii. With 255 
Ottgran^ Examples, and Tables, and a Chapter on Fpandations. 

THE DESIGN OF STRUCTURES; 

A Praotletl IVaatlte on the Building of Bridgeit Itc. 

By S. ANGL1*N, C.Em 

Umm of g wi hmifa i, RflfFd UoiTenity of lr«U^ Use WhtswotHi Schobr, ke. 

_ **W e CM o abei iu sU fhr roooouaoad titis woik not ooly to tho Stndott, as tha bk^it 
Tbct*8ook Oft the wblecs, Imt also to ike profesaooa] enfioeer as am cxcmKa<iLY 
VALtiAaui book of reference.*'— ifacAunSroy 


In liMrge Crown Hvo. Cloth. Pp. i ■ xiv 23<). With 201 Ulnetmiims. 
6a. net. 

AN INTRODUCTION TO 

THE DESiaH OF BEAMS, 

GIRDERS, AND COLUMNS 

IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statics. 

Bt william H. ATHKOTON, M.Sc,, M.I.Mech.E. 

"A vefY useful source uf infurmelioii. ... A work wliicli we conimeod rery 

Wfhlj.’*- iVeltwr. 

KovitTH Edition, Thurouj^lily Kevised. Rnyal Svu. pp. i‘\vx+ 456. 
With 1^9 IlluAtraliuns in the I’cxt, ;ind 13 I.ilhngraphic Plates. Hand* 
some Cloth. Price ^os. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION; 

Being a Text-Book on tho Construction of Bridges In Iron and Steel. 

FM THE USE OF STUDENTS, 0RAU8HT8HEN. «ND ENBINEER8. 

Bv T. CLAXTON FIDLER, M.Inst.C.E., 

Lsle Prof of Erngimoariat. UnieenitV CoUeg*, Duadea 

*'Tk« MW adttioo Ol Mr FidletV work will acain occupy the &anie cokspicuol'S 
mimoM aasoof praftasiOMl lcxt-bo<A» and tieaiiics ss ha* fceeu accorded 10 its pre* 
deotaaors. SoeWD, stwrut, and TAr Enfintfr. 


In Medium Svo. Pp. j-xv + With 103 IllusiratiuniL Price los. 6d. net. 

COMSTRDGTIONAL STEMORK: 

Btliif Moioi on the Praetleal Aspect and the Principles of Desln, together 
fVlUi an Aeeouht of the Present Methods and Tools of Manulhcture. 

By A, VV. FARNSWORTH, 

AModate Mamber of tb« Institute of Mecbamcal l&Tgineen. 
y A worthy voKuno. which wdl be fouad of miKh aiaistaiux. ... A book of 
partkahr Tala«.”““^«rnW 


: CHARLES SRIFFIN A CO., LIMITED. EXETER STREET. STRAM. 
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QBAHLMS QRimN S CO.*S PVBLlOAfWBH. 


Smohd ]^»moir, R«?ked. la Largtt Sfo. HaxboBM Ooth, QUt 
Witii 37 Fcddiag Pktat and imriy 500 lUiiilrmtioat ia 
Uw T«xt« 30*. aat 

The Principles and Practice of . 

DOCK ENGINEERING. 

Bt BRTSSON CUNNINGHAM. 


GENERAL CONTENTS 

Hwtnrwal aad Dinoamya,— Dock Deeign.— Coiittnictivn AroliMUM.^ 
llahwmU.— Dock lad Quy Walla.— Satraaoe Paasagat aiM Looka.— 
Jattiatt Wharraa, aad Pirn— Dock Gatea aad OaiaaoDe.— Traaait Skoda 
and Warahoaaaa. — Dock Bridges. —GraTiag aad Repaiiiog Dodka.— 
Working Sqaipnool of Docks. — ixoix. 

“ Wo have aefrer Men « mwv pn)fiiMt7.aiu(nted Inatbo. U U a noei Importut 

^*"**— * ■»***’ Im. 1.% ttC. Aw* ■ml 

WUt be «f the gnotert lerrlce to tbe expert at a booh at refeofoce."— JNpaieer. 


In Large Hro. Pu. i ■ xii + 283. With IM Plates. 11 Tables, and 8di^ 
lUuitrationa in tne Text. l6o. net. 

A COMPANION TOliUMS TO >^D 0 CK ENGINEERING;^ 
THE PSXNTOIPLKS AKB PBAOTIOS OP 

HARBOUR ENGINEERING. 

Bt BRYSSON CUNNINGHAM. .. 

(>»TCVfa — lottndttciory. - Harboar Deaign. — Snrreying, Marine and 
Snbaarioe.— Piling. --Stotte. Natural and Artittciai.— BieMwafter PMign.— 
Breakirater ConttnicftioD. — Pierheads, Qnim and lAsdiag Slagas. - 
BntnMMS Channels.— Channel Demarcation. --Ixoax. 

'*1he best aad moat rompitte book »e hare seen on Uir sttMect.’'— 3l»ewnt<p. 
**Thto is s itaiidani work . . ■ nrc to prove a ralnaMe hook of refimce. - 
Bki/finf ^0rt4. 


In Croim Svo. Uandsome Cloth. Fully lUoatrated. 

HYDROGRAPHIC SURVEYING. 


Pop the Om of Bogliuiort, Amataon, and Port and 
HaHwar laMon. 

Bt commander B. MESSUM, R.N^ 


iMtracter hi Ks^fcsl aarv«|li«, AR. Consfe, Oremwteli. 

COiTim-Omttimt.- PioUac t w. gtattoo Mnter.-11ieodoiite.^M!M«toiia 
mA i M s wrisO en a -flottiag a«l Trisi«atatlon ol a amsll Plaii.-llsst*h«ad 
Jngtol»vkr,-aiiridtaa ttMeea-Aprtift)fa.-IaHEX. 


Mttui anmi i eoi. uiiite«, exetu street, itrmii 




BSQINMMMINQ AND MBOBANiOS, 




Third Edition, Tkormghly RtvUtd fM%d Bnlargfd, Pp. i'Xvi+2Z7. 
iViik 6 o Plaits and 71 oihtr /Uustratians, ffamUome Ckth^ 251. n^, 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

By HENRY ROBINSON, M.Inst.C.E,, F.G.S., 

VILLOW KIlM^t CPUJMm. UWTDOM ; ftor. SHCXITUS OT CmL BNCdf UnttNG, 

Kiw't couaca, irc. itc 

CuMTKitTx — Dticbam ihroajh 0ri6c«*,-**PtQW of Water through Pipes.~-AocumtiUion. 

— Promt and Hv^uiic Eiigioes.--Puinpiiig 

— Trermert. ladcL — Wdgt^ Macniaet. — Rivetm and Shop Toob. — PuBchuf , 
ShcAiiag, and rbuifiac M a e bio g* . — CraDo. — Coal Dischargu^C Madxutea. — Drilb a^ 
Cutitfk-'PUePtiTcn, Eaoii^iort. Ac— HjrdrauUc Machinery applied to Bridgo. Dock 
Oateii, Wbeeli and Titrhtnec.-'ShialdL — Varumt Systenu and Power liuulnttoos — 
Metm, Ac.— ItfNDC. 

**Tb« mandard work on the application ot water power. ’’-'CVur/er'r Mmg*mne. 


Stemd QrtaUy PhUairgai. P}». i xivt S 313. With /Vofifu7»ec<, 

12 PUsUm, and 279 other lUnUTOtionA. 21/t. net. 

THE PRINCIPLES AND CONSTRUCTION OP 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

WHh PnotioAl lUuitrmtioiu of Exoiifis and PuMra applied to lluriNa, 
Town Watib Somr, Duinaok of Un^ Ao., alao Eoonomf 
and Effioieooy Triala of Pumping Macbiimry. 

Bt henry davey, 

Mmabir N the laathatloo of CtvU Kaatooont, Moubor of tha lasatoUoa of 
Meohaalcal toctneort, P GS., Ae. 

Oownna --Karir BQatorj of FOmpiiiff Enrinee— Steam Pnmping Etagmet- 
P i Mp e and Fonip Valree— Qeoafal Fiinoiplai of Noo-RoUtiTB Fimping 
Btefiw^Tbe CMBiab Engine, Simple ana Compound— types of Mming 
Boctaae— Pit Work— Shaft Kakhw— Hfdraalie Tmittniakm of Power in 
\niiee ffileiitrifi Tnatai^tdoa of Power— Valre Oean of Pmnping Rtginee 
— Waitir PNeanr e Pnanpint BngiDee - Water Worim Snginea— Pnauiiag 
SigiM Boonomp and tViala of raudag Maohinerp— Ceatnfngal and other 
T.ow^Iifl l^mpe-Hpdraiilte Raaw ramping Maim, Ac.— lNX>n. 

-* if me *oae lefttih Nnitlnetr who probably knows more aboat Pamplaf Knehtaerf 
than ear ema.' ... a Totmn aaoonniM mx uirLTs or uieo nx r r a iHw a ann 
Trenr.**— fL ie|i*»«ir. 


/h Cnurti Sm. Hm^mne (toft. Fvittsi Idudrated. 6#. iwl. 

SEA WATER DISTILLATION. 

Bt PHANK NORMANDY, of the Middle TempM Barriaterntt Law. 

-JMilttlll^^lCaehhi^^ Water.-«^-Mttlt 


Itd^ DfatOlatioiL-llie 

tvamlor.-The DtatBltof CoedeoMr.— Famphaa Machinerf.-DaNal HemomuA:— 
rbermer. Tnmmtlan of Gometoe and Deoaf oTHetati, XeeMtval of Me, Cleaning, 
OferiwA^ Ao.-UrMX. 

'*Theai»B^rthNdtf«atm^of the probleai toooiMibtaadotnpnmMiitvein itiaoope,* 

winraiiiiiii fliimii « ea, united, exeter stket stiuno. 




iS OBARLBi QRXrFiB A 00:S FOBUCATfONS. 

SiXTUHTH Kditiok, Tkorvughiy Btnmd. Large 8w, Ok*k. 
pp. i-xxiT+712. IfilA 280 lUatiiraiiamt, mtuced /rom 
Drawmgej anil 8 Piaiee, 21«. nU, 

A MANUAL OF 

MARINE. ENGINEERING: 

OOUPRMMO T1U( D&lUMWti, UONtSTHUCTlUM, AMD 
WORKIMO Of UARIMI UACHINBRf . 

By AB. SEATON, I.I.C.E., M.I.Heeh.B.. l.l.N.A. 

UsnoLAi. CowTiNTs. — Part I.—Prinoiji^M of MaHim PropnJUioD, 
Part II.--PriiicipI«B of Stoom Earaoenag. Part 111 Mails of 
lisrtM EngiiiM : Baatga sad CAicolauoDB for Oylmdert, PUtons, VsItob, 
SzpuMioo ValTea, Ac. Part IV. ~ Propellers. Part V.— Boilers. 
Part VI. — MisoellAaeous. 

l>rsuabMBiM» Aod Knetnorr wtil ftod ttits work Ui« host r*LOARl>s 
HAifRBOOK ot lUimnoe on d»a Msnm lloffitt* no* 'n «*i*unfo MoHm gs p f HS r r. 


Tenth Edition, TbOToaghly Revised. Pocket-Sise, Leather, be. 6d. 

L pocnr-BOOK of 

UKDIE EEClIUe EDLES AED TABLES. 

fOR THl OSS or 

XarliM l&giiiem BmX Arehltaets, Deslffnen, Onuig humwi. 
^p«rlntendentt and Otnera 

Bt A. E. SKATON, M.I.O.E.. M.I.Mech.E., M.IN.A., 
and 

H. M. ROUNTHWAITE, M.lMech.E.. M.LN.A 

** The htut IxfwA td it*! snd the infomiatioii t» boUs «|> b^tlaic and njlshk.’ — 

En g im ^f r 

1r Large 8ra Handsome Cloth. With Froottspiace, 6 PUtee, 

8d other lllustratioiis, and 0) Tables. 12a 6d. net, 

THB BCltSSW PROPHZaXsJBR 
And debar Competlof IntUrnnenU for Marine PropolsIoB. 

By a. E. SEATON, M.Inst.CE, M.I.Mech.K., MJ.N.A. 

‘*CSiitttsin«Al] that U aaefsl kmm aboNEl the screw prrtpellrr. . . . Thiitoaskly 
nghto^lAte. " 


Ia Large Cnmn 8vo. Handsome Cloth. 4 a. 6(L net. 


THE THERHO-DYNAHIC PRINCIPLES OF 
.ENGINE DESIGN. 


, Bt LIONEL M. HOBBS, 

tsglHeer^lJeBisBim, AN.: tastmeior Is Aselled MeriMSles snd^laiise Bagias 
nSsaaitliaBorai Naval mh^Oneiiwk^ 


•boeli RNve di lavaleakk aerrlee 


UNpON: CHMPS SRiFFIWI SI., LIMITED, EXETER STREET, BTRMD. 
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Srcond Edition, kcviscd. Cloih. Profusely Illustrated, 

THE THEORT OF THE STEAM TURBINE. 

A Tlr«alUe on ttio Mndoles of ConstruotloD of the Steam Turbine, 
with Hlstm^i^l Hotel on its I^yelopment, 

Bv ALEXANDER JUDE. 

CoMTRX^ —KumlaBWBtA],— Huiurical Nom 00 Turbioes. — The Velocity of Stcjim. - 
TyM of S^n Turbiiic«."Pnicttc»l Turbiuei.-The Efficiency of Turbino, Type I - 
TireK<*o^o/ »bc Sicar^ -Efficiency of Turbines, Types II., IlLaod IV.— Tutbine Vanes. ~ 
L>UC aao V*ne rnctiwi in Turbwe*.— Specific Hwl of Superhe^cd Sieani.— Sueneth 
Sleaio Turlunes,— Steam Consumption of Turbines.— The 
WbifUng oTShafu. — Si.ecd ol Turbtoes.— lKDax. 

'* Ooe irf the latest leal-book# . , . also one of the besi . . , there is absolutely 
no padding. —Sir mtliam Whit* in the Tim*t Engioeerrog .Supplement- 


In Urge Crowu 8 vo. Haodaome Cloth. With 131 Illustratioiw. 60 net. 

LECTURES ON THE MARINE STEAM TURBINE. 

Bv IW. J. IIAUVARI) BILK.'i, M.I.vsr.N. A., 

FrufeMiir of Naval Atx:hitcctiire In the rnlTenity of Dlatgow. 
best w.-rii <mi the marine steam turbine nhieli has yet avpeami.''— 


Sixth Kihti»\, UeviaiHl. Urge Crown bvo, Pp. |.xi 39 *i. With 
■* riat4-> and III lUoiiraiioiui in Text. 6«, net 

ENGINE-ROOM PRACTICE; 

A Handbook for Enirinoors and OMcen in tho Royal Navy and Mercantile 
Marine, includlns the Management of the Main and Auxiliary 
Engines on Board Ship. 

Bv JOHN G. LI VERSIDGE, P:n(;ii. Commk. R.N., A.M.I.C.K 

OMMBCi.-OeMral Daaerlptloa of SUitne Mat^oary.— Tbe CondtUona of SarTioeanu 
DaUih of BagtaMwn ct the Boyai Navy — Eatry and OocKtiUoos of Servica of Eogroem of 
too UetUnc H.8. Compaitlee.— Balslok su*m — DoOea of a ttoeatniag Watcb on r ogitM# 
and BoUofv.— Sbnnitig oft Stea —Harbour Dntltti and Wttebos.— Adjiuunrtiu and 
Bepaln of Keginea.— Pmtorvauao end B^'pair# of "Tauk ’ uollens-Ttoe tioli ^nd Ita 
ftitlii«».t-4;i«aDiiuj^ PaioUot Maebioory,— Rodproeatinc Pompa, Food lloateca, anu 
Arttwaatte Food - Wator Bogn k tort. — EvaporaUKa — Steam Boau. — Eloctric ught 
Maohteary.— Uydraallo Maebinary.-Alr-Compnaatu Pootpi ^ BeMgentiog MaeMn— 
-Miohuwry ef DeMroyora-Tbe Maoagemem of Water Tabe Boilers.- BacuUdooa lor 
Bury of Aadataot Ksgtueere. R-N.-Quesdoos glvea ta Exatniuatioiu for Promoaon of 
dailoeera B.M.-K^ladoiu reapeciiag Board Trade ExamloatlODa for Enjtkieera, do 
Tbta vaSY oaam aoox. . . 1 ixmuTion are of oaaaT iMPoarAKca m a work 

•f UhJa kind, and H le aatlafaetory to Oud that anteux amcvTiox baa been gfven hi ihia 
raageei.*'— teffaeiri Oewflt 


FoDRTU Edition, UevitAeil. Pooket*Stxe, Leather. Pp. i-xiii + 583. 
13s. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Hahduooi Of Rolm, foUMrun, Tabucs, Ac., hklatiti to Mat»kiaks, 
SOAKTUHOn, AND PUBBUftlB, SAnOTT VaLTIK, HfRUtae, 

Fnmros and MoDvriitos, 

FOR THE USE OF KKOINEERS, SURVEYORS. B01L£K.MAKKB>, 
AND STEAM USERS. e 

Bt T. *W. TRAILL, M.lMn.O.E.. F.E.KN., 

Iioie Iwtaear Serfm^-Oblar le Ibe Board of Tiada 
I Ueanomi t^Aftfrr or igrokiutf le* Rm««M k x eoavantaat fficia. . . 

imrak aoMilrlntlaf^'mutiioolobftnMnovHernelaii.^-niaJeiaafnea^ 


IMXi: eiMIILES SRimN * GO., UMITEO, EXETER RTREET, SUlWa 
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CBABJM eums A oa'a BUBUOATIOSS. 


Thiso Bbitioh, Baviisd. Pp. i-xv'f356. Witit Froniitpiece, 8 Pistes 
and S18 lIliuitrattQiis in the Text 3U. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Pnetlttl T«xt»Book U» tba Um of Snsino BnUdora, 
MIgiitn and DramiitameiL BaUwaf 
B ngUieen, and Stadents, 

By WILLIAM FRANK PETTIGREW. M.Inst.C.E, 


^ HtSoricai lAtredwOeik IJSSian.^Xodera LoeoeiottTw: 
MoSivb LooMMNhei: ODaapouid. > PitRiw7 On(MldMrM$«M Is UMOaeSiTe 


iltmnte.- 

Den^.- 


r»t»li«^jbfl« »ad Axle Tr*^ Bsdisl Axle B<n«<L^BoU«n.--HaH})t«tox. BkM Pipe 
PlnSoi rttttigi.— BoUer Mouttsis— Tesdan. BeUwey Bnkw.~LobrkstioB.~Oos- 
Montlos of Psol EnporsUos SM ftoiriM tfPekney.-Ropstni. Bmolsf, Isopoetio^ 
sad ik«s«si«.~Tiu«s Apposdkw — IsdsL 
' Tbs boiA k my trmly s foil trssUM os tbs loeomotlTo to dsie. ‘'-‘Csuj«r*« JfspsiiiBr. 
**tW verb oobtaih au tut cut n uusiit (Ton s booh spos MMh s wM oet li 
vfilalaBeonakiotnnAiniuai YOU crOBTsu ivtostaitt icsrBorr— XsfhMp Jfsfsrtw 


III Lsj^ 8vo. Pp. i'Xxt4't89. With FrCHitUtpieiTi! aihI I4H other 
lUostrstionH. 8». 6d. net 

LOCOMOTIVE COMPOUNDINC AND SUPENHEATINC. 

By J. F. GAIRNS. 


SsMfbeeUsc LoooBMpiT«e.-A 
L— Tb* BUofT “ " “ — ' 


Ciiums(Ts.—]strodsctDr7.- 

O l eeMB crtlo s of CoMposiid Syotasw fer Loc«uqttTw--ybo BUm ud PtialupwitQf 
the OoBKpoBsd LoeoBicittf«.~T*o<!yUad«f Xoa-AsUMBsUe MMSS.—Two%;pllBd«r 
AstoBMtle apsUns.— OtiMr Ttro-Cyttoder OyiUno.~TlirwM:^ilsd« NyMinsi 
Qrtlsder IbsMs OyiCtsM.— fosr-CplIsdtr T«r»4:nak NnUsM (other thos Towlesi)--- 
^wAMteder Belsoeed a!nitm.<-roin>CrUi>te ttrUed nd llilsiieed hjistons- 
ArtfcBMed Oonpond Isgt^-Trtpie-fnisiuikm LooaeMUres-CoBpoBBd Ba^ 
L o o aid tw— Oouisdliit ■es i of hi Canombm Campomnd !x>eaoMlim.~Tbe Dee ol 
OspertMstod flteski far LoeoaoUnB--]in»iX- 

utdltlos to ibsllbrsiy of Ibt r«tl«s]r«iigbMer/'<-Aifisorrtsp Ttmit 


In Large Svo. HsudenoM; Cloth. Pp. i xi 4 S^. With 9 Plsieo* I6e. 

I.IOHT RAILWAYS 

AT BONE AMD ABBOAO. 


By WILLIAV HXMBT OOLX, H.Imt.O.S, 



IIWI:Mlllt£8 mmi t GiU UMITED, EXETER STREET, ITBMS 
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amiHMMRim and mscaANics. 


In Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANACEMENT. 

By W. POYNTER ADAMS, M.Inst.EE. 

MIT l.-TME PETIOL CM. 5^ net. 

Srl'UNU KluriON. Pp. i-)Lii-f2Q4. With 36 Illuslrationh, including 
6 Plates an<l Frontispiece. 

“ Sbmilit be cu'cfuUy Muitied by those who have anyth! ni; to do with motors.' 
m*hiU »m 4 RniUi*rt’ Jtmnml. 

PART IL--ELECTRICAL AND PETROL ELECTRICAL 
MOTOR CARS. 5s. net 

Pp. i z 4 20^ With 50 llluatrationi, iucludiag Frou^spiece and 
3 PUtes, euntaiiui also 1.3 page Glossary. 

**rieT*rtjr written . . . wUM>o found of (vmslderalde vaUie, P,-aetiral Kn^itwi^r 


[n Large !$vo. Handaome Cloth. I*jj. i.ix .370. With l-J Folding 
’I'nhli's uimI 3211 llluMtrations. ISs. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Compritifig ihe Designing, (7offslnic^/on, and Working of Petrof Rotors. 
By F. STRICKLAND. 

QKXRaaL CoiTSSta.- P art I.: KKOl)iES.—Hiilorfc»). —Power Required,— G«ierml 
ArraBRemeal of Bngtnet.— Ignltlou. - t:arburetton.— Cjlinden, Hatona, Valrea, 

Civik Shaft*, Crank Cbajabm, Cam*, Runnera. Guide*, Ac. — Pumpa. — Flywhe^ — 
Ftp* AmMenaoU— Rlleuaen.~Btudne Coouol, Balancing. Cycle Xngioca.— 
Marte* MoIm— T in>-Cycle Uoton.— Ptraflln Carburettors.— Gu Producers Pakt 
U.; CAia— Oaneral AiraoRemenu -Clutdi« —TrsosmisskMi.— Differential Gear*.- 
UuJmail Jfotots.- Axlea — Springi. - Radius Rods. - Brakes. - Wh^- — 

Slawtaf a«ar.— Bwliator. -sum, Uodacuarda, Bonnet#, Ac.- Labrioi^. —Bali 
Baarii^— Bodfata.— fketon of Safety. -Calcnlatloni Stresses.— Special Change Speed 
“ "" — ComnierHaJ Vehicles. -Racing Cars. I*rDgx. 


We hsvK tiif.aiiitre In recommf tidin* it to sH/’ 


iHara.-BpaebU Gai«.--<:^nierHa] 

“Thoraeglily practksl snd ■cieRtiSr. 

~ VmA«rM 

In lletliam 8vo. Handaome Cloth. Pp. i xv + 272. With .306 
niuctrationa. 15a. net. 

OIL MOTORS. 

Tkeit Oeveiopment, CoftsfnicWow, and Ranagenwnt. 

By G. LIECRFELD. (Anthoriaed Eugluh F^itioo). 
OoaTiarni.-Uqnid Ktwta Power Prmluctkm, Devclo|«nent of the Petivl and 
Paniflft IMnra. -forking trf the Later Paramn and Petml Bngimss.- Ignition Deidm. 
Seamatecd NUthnlary Alctdtol, PanfBB. and (HI BM»iMa.-Aatomo^ 
HhlB ^oat. and Air ship Engine*.- Vehicle*. Ac,. Driven hr (^bo^on 

RlU^ifA— lieecini and AlUtuUnoe «d Riwtoe* Driven with Uqnlo PaeL— Correcting 
la Rannbig. 

*'Oaiof Uia ai^ comprehensive pobilcsUons we have perused, and one that t*an Ik* 
thoranghly fneom ui eiidiid.**- PHr^»m ErriVir. 


Itt Demydvo. Haadaomc Cloth, Pp. i xi f 176. 
130 lllaatratioaa. 6a. net 


With 


CARBURETTORS, VAPORISERS, & VALVES, 

• « used in internai Combustion Bnginss. 

Bt KDWABD butler, M.LMecKK. 

‘ Mr. Bklar wfitM wHh an latta»ate prad^^ kaowl^ 
fa oBi wa haw awry pliaattia la wwaammwthgt ^ Mteksmient Biteinttr. 

tmiM; fiHMILES MIFFIlTm. imnit BKT« «TI»KT. STMUa 
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CHAaiMS QRlFFiN « 00.*S FUMlWATiONA. 


Fourth EomoNf Kevised and bnbufcd. With uklitioiuil Itluttratioiu, 
Large Svo, Handaome Cloth. 35R. net 

A TBXT->BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRVAN DONKIN, M.Inst.C.E,. M.Jnst.Mrch.E. 

Revises! jhrotisjhmil hy T. iiRAVK> Swim. With >tt\]>«>ri!UU New Chapter 

In- Prof. lU Ksi Al.t.. 

In Quarto, llandaoine Cloth, With Nomeroua Plates. 35 s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(I^D, MARINE, AND LOCOMOTlVE>. 

with Tesu and ExpertmenU on EHtfarent Types. Heating Value of Fuels. 
Analyses of 6 as^ Bvaporailon. and SuggesUtHis for TesUnf BoHetra 

ItY BRYAN DONKIN, M.Inst.CE. 

*'Fra)Mibt7 the aocr naacfriTi ruwm4 ib*A ba» •m bwo roltoctad. A raionoAi 

In Laige Crown Svu. Cloth. P|>. ivii ^ |*Pi. With ,Va II lust rath mas, 
7tef, neA. 

SUCTION GAS PLANTS. 

Bt pRor. C, A. SMITH, of the Ka»t l/>Qdofi Technical CoU^. 
C'>jrfE3Ti'. luWwiiiitliiiOu UeUiU r4>n»tnitrtAtKL Fori wd Testing.— Al^katiMi 
awl Tacard ^sctlco Plant*. WgrRme th« ITaiAl. TriTical Plmiiti. ~ PlaoU for toeeisl 
Pnrpofea. ~T*aU 1 H.P. Elinrnt, - CVist Usja pTMiarlbAiL-^ The Gai B^iie..-BibHri 
gn^.-CaloHlle Value *4 Owl «aAL~(»f So'kl Fort,. Gm AtttlnlA.-pMirmstWi f-f 
Tar In the PtoOitcrr. Ueteett^ of CO In Xihatut Cajilul t>«»t ignxx. 

"Thte tank; i» .aie ar ran nmliaity rnMnimriHl a« iRt^dhtu a mm|il«le koowlnlsr «.f 
fhe thi^rtieal a*T»*H t ««f !<Ant tknt Plant**.' *>«* 

In Hanti’tomv Clulh, Pp. i i% rthi’i. With !l3 illiAniAattoiiA. PJe.\kl. m l. 

THE GAS TURBINE. 

Progress in the Design and Constroctlon of Turbines 
Operated by Gases of Combustion. 

Bv HBNKV HAKIUSON SIJPLKK. B.S. 


SacoM> KbiTio^. ^erga Svo. Bandavme Cloth. Pp. iwxi SJH. 
With 157 iUiiMratwaa, V7 Tahka, Ac. 21e. net. 

Lubrication & Lubricants; 

A Treatise en the Theory and FraeUee of LubrioaUoe. and on the 
Nattire, Properties, and TesUag of Lubricants. 

>f * 9 tt 

LiOHAAO Aw;HmnT^.i,c,. kx.k r. ji. deki.kv, r.u ». 

ChcMhlletha inink. Oa. Ckiff Umo Saper., MM V< Oa. 

ri MMa-ti riMM ot Vhewat, FlMUf 
Mdu^nt e ^ pwi l iit a l Tw il uu .-IY. TheTbsoiy ot LabrieatiixL-Y. LhhrtsnM 
tMrSMw frtpanttoa. e^ PMtlea-VI. PlmM Pmtrtks snd Hrihodi of 
Wn mi ^lm «i T s hitii a n -m Cl a a l i a l PrMi« aad IMM of ■aiatlaeUrm 
ri ti d MM a au .^MJiw Sy riy tk Trittoa eTUbrisai^ 

tbsUMsTubikaata-E. Vm ndbi aeilwiitMtlrat 
sa^MAIiMy.-lmx. 

Mite trietiie cm a leidaM III Ih* fNakst haportattet 




ammitieRisa and mkohanios. 


In Crown 8vo, Cloth. IUuBtmt«d with Diagranu. 3t. net. 

THE FORCE OF THE WIND. 

Bt HERBERT CHATLEY, RBc Eso. (Eoha). 

ProCeMor ol ClTil Engineering, Tong Hban Engineering College, K. OiUu. 

CoKTEHTS, Praoticel Importance of Wind Preasore. — ImpuUive 
Force of the Wind, -Varifttione in Velocity. -Sueatn Line Theory. -Strew 

ill Structures due to Wind. — Windmills. — Train and Motor Resistance. 

Effect of Wind on Water. '-Scouring Effect of Wind.— I kdrx. 


in Crown »vo. Handsome Cloth. With Diagrams. .Ss. 6d, net, 

STRESSES IN MASONRY. 

Bt BTERBERT CHATLEY, ESc. Exfi. (Loxd.). 

j. CojiTlSTs. — Strength of Stone. — Walls. —Columns and Piers.— 
HraekeU and Cantilevers.— Simple Arche.s. Vaults and Skew Arches,— 
Dmnos. -lUUining Walls and Ifomes,— Artificial Stone.— Re inforced 
Concrete. In hex. 

lu Hnmlvjuu CioUt. 1 1 Fnkiiuij TabU^, 

EXPERIMENTAl INVESTIGATIONS ON THE POWER REQUIRED TO DRIVE 

ROLl^IMG MILLS. 

» Trsnsi.ati:ii ruitu thk (Ikieman ov -T. PUPPK. 


For KTH EnitlOlt. /*/-. i v i I - 1 ^T. With 00 lUugtrat m.h>. Cloth, 4s. M. 

STEAM - BOI LE RS! 

TUIH DXnOTS, MANAQUICENT, AKB OOHSTRUOTION 

Bt It D. M U N R 0 , 

eWe f ilNeitUirr tk« StofHth BeiUr Ituuntner aiui Inspeeticn Con^Mtij . 

*' A valuable oowpaaioe for worknwu anu engineers eugagni alxiut Steam nciters, ouftit 
te be cmicAUhr atadkd, kad atwAvt at HANO.''-Ce^. CwnimH. 

By the samv author. 

KITCHEN BOILER EXPLOSIONS: Why 

tiMf Oecv, tnd How to Prmnt thetr Occurrence. A Practical Handlxxi^ 
has^ on Actual Experiment With Diagram and Coloured Plidc. 3s. 


/ft Creww 8tw, C/ftA. P/, i-Miiitia /l/usfnUioffs. 51 . imY. 

EMERY GRINDING MACHINERY. 

A T«tl-i00lE of WoHnlMp fnwtioo In GtnonU toot Grtndtag, lEnd Uia 
DtwtsCoiiatnigtleitaiid AppileattonortliaMatthlBMBra^yad. * 

Bv*iL B. HODGSON, A.M.iNST.MECH.E. 

“ImiHadYSractkat . . . canoot hiU to oitnet the notice of the uten of dw ol 

•adtisSTY. aad to meet <rkh cerefttl jieraiaJ.^^'-CAew. TfifUJ*mnmL ^ 

! mim ttlFFIN i CO., UNITED, EKEHR STREET, miga 



QHAKLMa OBtrrtS A C0.'8 PUBLIOATIOSS. 

In Cmvn Quarto. Clotb. KuUy lUuatrutod. 

AN ELEMENTARY TEXT-BOOE ON 

MECHANICAL DRAWING. 

By JOHN E. JAGGER, M,Sc.{Vic)., Whit. Sch. 

A work proilaced fruiu Noti'A aiul ObservatHHis made duriog 
Years of Practice asd Teaching, and presenting the wibject of Machine 
Constmetimi and Drawing in a rational manner. 


Pirni Edition, Thoroughly HeviRed aud Greatly Knlarged. Pp. i-s + iaS. 
With 10 Bates S 46 other lUustratious. Prioe ICh. 6 d. 


VALVES AND VALVE - GEARING : 

4 Prwetkai fart-hooh Engitmn, aiwf Sturfenfs. 

Bv CHARLES HURST. Practical DitACuimjiAN. * 

Piitr I.— Stsam Baidae VmItm. 1 Past III. - Air CoutpreMor v^am and 
Pm n.-Oai Ebi^ Vaim and Oeariaf. 

Ocayn. i (‘amt tv. -pimip Vaim. 


**Ma Hnsa^i tartw mmI tAiwuiaia* wui prm a wry vatoaU* ay, aM w ifc* 
vv«lBSit«aarii^Ma<rMavnm mmaad ■RWoaicALwaaaiM. . . . wlUS«>ar«Ri| 

“AaapnwitoaittetitaaoatbaaabHwLiba boot itaiuU witfcout • i1?aL"- 

r«rUL 


Mnla m. Bt— i BaslM Bartgw antf P oa gt nw tt wi. By CsiLitLas 
Hum; '^Author of Valves and Valve Oeariag." Sdoond Knmotc, 
BavML In Paper Boarda, Svo., Cloth Back. Pp. i-xi'i-Ol With 
32 nbatratioas. Pries ta 6d. net 


Cemma-I 8 «nb Ftp«.-lt VfttT««...-tlt Cvtt»l«a>-lV. Air Pampi aod Coa- 
l«HSn.-T. XoUca WettL-Vt Crank Sbafia aod PedaMata^VIl Valve Oear.-vni 


^A heady eeteo)* obtdi etery praeb««l yoMOf aefla 


rim Bomos. In Two Fnita, PaUmhed Sepmtolf. 

A TEXT-BOOK OF 

Engineeriig Draiini and Deip. 

Bt8II>NB7 H. WRLL8. Wb.8c., A.M.LaE.,A.ltLMiCH K. 

?OU L—PRACnCAl. OBOMmT, PLAlfg, AMD SOLIIX 

Pp. IVitfa 101 lUuctratiomi, and an Af^witdix 

of 4S pages with 70 llhtstratkms, 4«. Od. 

Vou IL*-MAann Ain> Emibb Dravow avd Dboibit. 

* Pp.i.^-fB|l. With over 200 lUttstr^kina. ^ 6d. , 






MNQlUMMtttHO AND MMOBANICB, 


1 $ 


SIOOKD Kditiom, Kaltrged. In Crown 8vo. Cloth. Pp. l.xiU+463. 
With 212 niutmtioiui. 6t. not 

pucncAL ciuounoRs m EnciiiEsits. 

Bt CHARLES E. LARABR, 

* o A. , V w . .^^lt^CR.||.L>Uch.E. WTufak, 

Had of tbo M ahnito U EnftsoerlBf Dtpoititient at the Northimptim laatliate, Londoo, K.C. 

And H. a. GOLDING, A.M^LMeelLE. 

**KM^r ^hal it altoold bo in wirr to make it t«ef«l t* atadrate and prgetitknm of 
ottfiaoorbt. -JVoit(A«af/r Omr^, 


In Crown 8to. lludiome Cloth. Pp. i-xii^282. Wi^ 107 
lUturtrmtiooi. not. 

MECHANICAL ENGINEERING 

POR RROXRRBRB. 

Bv R. 8. M'LAREN. 

COJiTBlin.->UaUrUU.— BtriUaad Nuta, Stoda, Set ScreWi.-KoUeri.-^Ucaiii Bniatuf 
AnMioriod.-^Hfeaai Flpea ind ValTea.— Ttae Steam Kn^ne.— Power Tiwotmtaiioo.— 
yoiidairiac Plant.— The Hu»am TtirbtJie.~XlectHclt7.-HydraaUc Machla«rr.-<Htt and 
Oil tn^aea.— fttreufth of Beama, and tVful Infonnatfoti.— I kdbx. 

" na beat of iU kltKl wk have aee«, and ahonid lie in the handa i*f cTery appreaUce.'* 
~ Sttmmskip. 

Sixth Edition. Folio, itnmgly hAlf*boiiiKl, 21 s. 

traverse: TAREES: 

Computed to Four Places of Decimals for every Ninute of Angle 
up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

Bv KICH.\RD LLOYD GURDEN, 

.Sttthonscd Purveyor for the Govemmenti of New South Walei ana Vktaaia. 
*.* /WAflaf wUA the Cmemrma «/ Hu Swevtyn-^Smtr^ ftr Ntm SmUk 
Wklamui VuUnn, 

**Tllbsa adM haw aaptma c a la aaact SuavKV'Woaa wQl beat know how to appeeciate 
tha aearaaiua ■■owai of kbour lapraaeatad by thia viduable book. Every Sorwyor tn 
activa piaclioa baa fak tbv waat of aoch amatanca raw BNOwiKc or Traia (the Tabieay 
rt at icATioti wiu- rnwAiH without Taan."— /Torrmyr. 


Strongly Round in Super Royal 8vo, Cloth Boards. 7e. 6<L net 

BORUS TiLBIaBS: 

For CalfmUUiig Wages on the Bonus or Premium Systems. 

Hr ingitmring, feeAn/oa/ and AUiad Tmdaa, 

Bt HENRY A. GOLDING, A.M.LMech.E., 

**Cnii«]| tea to piovr pmtkallf aanrlc^e to thoee for whom they have heae 
4atigBed.*->dheiMMMI> 

HORBE-POWER GOMPUTRRB. 

By H. a. OOLDINO, A.M.I.MK:it.E.,*A.M,I.A.E. 

For StMUB, fiaa and Ml Engines. Complete with Exj^uu^ 

Peh o hi i t . In K Aa MU 

rw Petnd hotets. CompMe with ExpUnatory Pamphlet In 
Invilepe. dd. net 

DmM PieifNitea an ApfdiaeHaa. ___ 

1iS)i: GHBlis M KETEil STtEET, 8TR*|S 



t6 OMARIMS A 00:8 BUBLlQATiOm. 

Hiooxd EmTiOii» U Mrtroi wkk Dki^nmt 

mA J^tdlAg^Hm, 7t, 61 Bat 

THE OALGULUB FOR EN@INEER8 
AND PHYSICISTS, 

nraXOB&TIOH ABS DimBXSTlATIOB, 

With ApplleatlonB to Teohnieal Problems-, 

AHD 

OLASSmBD &BFXBBKOS U8T OY nTFSORALB. 

Bt prof. ROBERT H. SMITH, A.M.LnstX.K.. M,I,MKt‘H.R, *c. 

ittk HMUoki inustnukme of MittaJ wcunetHnt. am tolw fottad ben 
mxrumi clmupiu tmiun yaau wOI pm* **if «Ma«bi h 
wMk M iBlipnl t> * binrT^^ JMmp. 

h 6to, Boofrft. 7t. $d. 

MEASUREMENT CONVERSIONS 

(Xngliih Mid FTMUOh): 

43 OBAPHIC TABLES OR B1A6EAM8, ON 28 PLATES. 

SlN»wj]i( «t A gUuwe tb« Mctital CojfTtitiiio}i of MiAAinuuiirn 
u DimBtXT Umts 

or CsMiitte, Anm. TolamM, Btnnaa, X>«aam6a. QnaatttlM 

of Work, Homo Poip^ Tomporamm, 

^ tk* mat 9/ ArcMttetJt, aittf CflW to oe tfA 

Bt prop. ROBERT H. SMITH, A.M.Inht.I.E., M.I.Mica.E., 4c. 

TBIUI bMrmx. Poelwi §u«, U*Uier UlDpi, wtUl am E49» rntnf Rotuwkd CCMW«r«, 
prttiUd Ml i^wtal Tbla ]*k|w, wlUt IJlrnttmiioa*, pft. t sil + 8M. Prtcw IAl nci. 

TIE HECiAiieAL ENCIMEER't lEFEIENCE lOOK. 

Br HENRY HARRI80K 8UPLEE, B.8c., M E, 

** We ftwl me U wflt be of s^eE temcc tnectuuikal cegiDm* Aiffnimiif . 

VRbDkgmm CnnrtSra* Clo^#.6l 

THE STUDENT’S MECHANICS: 

Aa IntPodiietloii to Uio Stady of Poreo and Kottoo. 

By Walter r brownk, m.a., M.fiffr,c.E. 

"Om ktfyletwi^mkifteMiiM, *Tm Stvmm'i MaoiAiaci* it mfhip lo b* 
teceiMMAef OeM iS peielt ef 

Bt tki Saws Apthoa. 

FOUNDATIONS OF MEOHANIOS. 

i^^)m repfiDied tmm the In Crown Ifo, tt. 


** leEerertleedim*— , « 
la thetilAaea. TWi t»t ( 
tha Hm* er tbm lAo 


SaoosiD Bi>mo9(. Omni Svq. lUii^raied. 7ft. 61 

JHE MECHANIC’S GUIDE. 

A Handbook lor Audneeffs iod Artmiift. Witb Oot^ooft TabtftO and 
Roei|wa for PnetfoU UiO. 

By w. rmcBm seelton-bey, 






INGIMMiKG Am UKEANIOB. 
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VOBKS BT 

ANDREW JAMIESON. M.Inst.C.R, M.I.E.E, F.R.&R, 

Prtfwtr tf Blfctrkmi Sn^itwring, Tkt GUi, «m4 W> 0 t Sett. Tech. CtU. 


FB0FB880B JAMIIBON‘8 ADVANCED TEXT>B00EB. 

hk tmrp Cmm Km. FhUj lUuitrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

,VNr) Boilers. For ihe Use of Engipeers and for Studenu preparing 
for Exuninanw*'' Wiib 800 pp., ovei 400 lUusiraticmA, i! Mate*, many 
B. <^K., C. and G.» Questions and Answers, and all Inst C£. Exams, 
on Theory of Heat Rngtiiti, SiXTKBNTH Edition, Revised, los. 6d. 

“ Tb« itarr Book yet published for the use «C StodeotL**— £iviMrv. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Seventh Eon ion. In Five Volumes. Including All the Inst. C.E. 
Bxams. in Section A, (l) Applied Mtjchaiiics; (2) Strength and 
* hiastidtyof Materials; (3a) llieor)' of Structures ; Section Ii(Groupii.) 
Mydranlio;; Tbec^try of Machines. .Also B. of K.; C. .^nd G. Questions 

VoL, l.-~Appll6d Mechanics. Large Cr. Svo. I'p. iAvjii+ 382. 6.s. 

IL - S^n^h of Materials. LirgeO. 8vo. Pp.i-xviii+ 264 « 5 ^ 

„ HI.— Theory of Structures. I.argcCr. Svo. Pu. i xviii 232. 5s. 

,, IV. — Hydraulics, UrgeCr. Svo. pp. IwiT 274. 5s. 

,, V.— Theory of Machines. Large Cr. Svo. Shortly. 

*,■ /« AVrv volurntt. f<uk (tmpUu tm us///\ mmd ivid seymrikUiy. 


PR0FB880B JAKIESON'S IMTBODUCTOBY MAMUAI 18 

t Cromm 8iw. With lUurtre^am and Examtnaium Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

.Manna) oO. For Ktrai*Vear Students, formirg an Introduction to the 
.Aothor^a larger Work. Twelfth Edition, Revised and Enlarged. 3/6- 

" SbottU b* M tlw haods dt BVUV «agtaccfiac apfic«aiio«.''— Erntmeer. 

MAGNETISM AND ELECTBICITY (Practical Elementaiy 

Iftnanl oO. FtN First-YeMr Students. With Stud Inst.C. £. and B. of E. 
Ekmib. Questiooft. Eioiith Edition, Revised and Enlarged. 3/6. 

“ A woaiMKmLy TaU»TWO«TiiT TtJit-boatL PajrtrncAi. bdcI dear. —Smtnn. 

APPLIED MECHANICS (Elementary Manual of). 

For Fint'YoMr StodenUi With B. of E.,C.Miid G. ; and Stud, Inst, C,E, 
OtK^ions. Ninth Edition, Revised and Greatly Enlarged. 3/6. 
••tie work iwa vmmv men tjOAUvmi, vriudt my b* «oodtiw«l into ih* <»• word 
mdifrv. 

A PQGEBT-BOOK of ELECTRICAL HULKS and TABLpS. 

I’m iIm* Um of Eketridon, wd Engineen. By John Mdnio. C.E.. 
«ad Pid. jAMIttOH. Pocket Sice. U»U>or. 8s. 6d. NlKElEtHTH 
BmfiOK. IS<* P- 30- 


tnOIM; (MMliS SIlFFIK A CO. UNITED. EXETER STREET, STRAND. 



3S OHAtUM BAlfWlN A OO^B FUBUQATlOhB, 


10BKS BI f . I liCgOOBR uihr, lld., fm 

nuMmchlr R«tMI bjr W. J. MIUUAR, CM, 

k lAMUAL OF APPLIED IBCHAIIICS; Ciomprisiiig the 

PriadplM id BMm end C h wai etfai i «d ThMty of 8trio tum » 
ICoowiMo, wd Moririf. With Nnttou I>ia||CMnt. Oooim 8vo, 
CloUi. Giortbuitr BoinoK. 12i. 6dL 


A MANUAL OF CIVIL ENGINEERING : Compritiog &gia 

••rtBf Suvoyo, Buthwork, PtoitnrtitiniM, Mooimry, OwMiiryi iMoi 
Work, Booda, Raihro^ Owwili, Rhm, Woitnitirka, Harbo^ 

* With Koomiwu TaUM and lUaatratiooa. Croim 8ro, Cloth. 
Twenty Tiirei> Bornon. l<a. 


A MANUAL OF MACHINEHT AND IIUWORK: Ciom 

prumg kho Goomatry, Motkna, Work, Straiigth, OourtroeMcM, azftl 
Ohjooto of MaohiiMa, ke. With ooarly 100 Dloatntioaa. Crown 
Sto, doth. SiYtxTB EDmoR. 1%, 6d. 


A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Sookioo on Oaa. OJ^ and Aih 
K iiQiiitt, by Bsta^ Doreir, M.loatC.R. With Foldiiig Plata* 
and RooMfoot Uloftrations. Crown Svo, Cloth. Skrinmiirru 

Rnmox. 12a. 6d. 

USEFUL RULES AND TABLES; Fur Archtiecto, Builderi, 

togiiioan, Ponndan, lloofaaiiloa, SUphaitdora, aortoyoffi, Aa. With 
ArFnnnx for tba oao of KuiomioAt Kimmukku. ^ Profioaor 
JamnoR, M.Iiwfe C.E, M.I.RE. RmiiTR Enmoit. 10^ 6il 


A MECHANICAL TEXT -BOOK: A Pmctionl and 8 iaipl«^ 

l a kto d nrtfaiw to tii* Suidy of Ifoobaiikw. By Pr o f aow r RunuRi 
and R. f . BawMB, CLR. With Nninaroa* lUnMthina. Crown 
Syo, Cloth. Ftna snmoir. 9i. 


MISCBLLAIBODS SCIENTinC PAPERS. Pert L Tenpera 

tWfo, Slaatkity, and Bapaaaioa <d Vapooia, aad Bettda. 

Part Q. aad lu TraarforwaHona IM lIL Wato-Pettta. 

PtomWoe if vaaaala, ka. With llaaMb bv Pralam Tar^ M.A. 
W|A Am iorttait oo AM, PUm aad DMiMBai Royal Aro. 
ciolh. sum 


M* a 
iimMal ka 
-droMart 


'“■rica£» 2 s 5 tsst 

I HutaiiVaA «■,!««■»( 


tfMa aMaa ayffiM « esL, uaiEo, EXEm STtEET, sTtua 



BLaOTBWAL BSQlNMBSim, 


n 


ELECTRICAL ENGINEERING. 

SicoMD Bditiom, Revised. In Uuex 8vo. CkAh. Pp. i-xvi <1-496. 
Mntli 145 Iltestmions, indud^ 7 Piaies. 3 ^. net. 

CBHTRiL ELECTRICAL STATIOHS: 

Ibair OMlgn, Organisation, and Hani^mnant 

Bv CHAS. H. WORDINGHAU, A.K.C., H.Iim.C.E., M.IinT.UicH.E., 

Ul»Mwifc.or C o McB hl.I.I.,aidP.ctric.l yifjiiBiir tpth.Cltyefli M C h c m r; 
I ls cr rt c sl B^doeerinhChicf to dw Adaimttr. 
lb. ttotr VALOAMS OOWrarwmoMi 10 Cntnl Siadon Kteratinv «« bin Ka 4 
Ar wmm liMam."— KUcMHiy, 


In Lasge Svo. Handsome Qoth. Pp. i<xv+23i. With 2 Plates and 
204 other Illnstnuions. 12s. 6d. net 

ELECTRICITY CONTROL. 

A Tmtla* on Untile Swttehfwr aad Sfttan ef Eleetrie Trantmisskm. 

• By LEONARD ANDREWS, 

AMOdat. Me«tm of Uw iiutitiitioa of Cvil Eagioeera, Meaber of the Insutotion of 
Etedriol Enftiuen, Ac 

Gdaml Piiaaid.. of Switdifcsr Dettfo, -CoaatructioMi Detstk — Orciitt Brciken or 
Arc IirtsTTOfoag ParicM.— Auianiicany OperMsd Cirentt- Breakets.— Altenatim Rovene 
OutMt DoVioia.— Arnsnaont of ‘Biu Bnn, aid Appuntns for himUd Rranag.— 
OOMfil AmaMMBt of Caetr^i^ Appasttu for Teoaon Srttams.--G.aM 

AiwMtmaat of CotaroUmg Aoparata* for Low Toision SVttequ.— •Eaur^dw of CompAcU 
tsaflmtama— Loag Oittara Traiwiniaion Sdwmo. 

** Not oftai doM tbe ^KCuUtt ^are pr^ented to bin so latndactory a book as dm. . . . 
W« reconmoad ii witbout hentatioR to Central Suiion EDgiiieefs, md, in Cact, to aayooe 
isteriMcd ia dm iwbject.'*— /'otorr. 


Large (Ivo, Cloth. l*p. i-x+33^ uid ^ lUustratioDs. 16a. net. 

electricity meters. 

By henry G. SOLOMON. A.H.Iiut£.E. 

** Aa .enMMt and loetwnfal aneatjpt to doal oompr^emlTolr wltti model b moUiod. of 
maaaartog nurrat or power in oleetrkwt InstiiUatloiMi,*'— EnfOt^ap. 


In Large Svo. Handwmie Cloth. Polly lUoatrated. 

TRANSFORMERS. 

Br HKRMANX BOHLE, 

Frol, of neetrrAoclmic*, AA. Collefe. Cbpe Town, 

Ako PnorSMon DAVID ROBERTSON, aSt'., A.I.E.E., or Bristol. 

Frt»cfpl«--Nafo«tRh>f No-Lmd OmU-lM fti 

TrunlHnMfa -Iwo LmM.-OciMmr Umm, -Twoporatnre Btae.-llagn^ Loal^- 
Uak^IadacUDae.-A''eetor IHapmmi forTransfomeivL-ArsmtmtRTestbieof Traas- 
fttnatn Tmwlattnt MaUf1ab.-IxuBp)aeof (>>iiimKAioix-I>eri8n of Tiutfoiam 
Rd«itl*S? naa»4niangltnt TrBiNtoriiMn.-Iitmx. 


In Large Bva Pp. I*x -f 1 10. W'ith 79 DhatratlbDa, 8e. 6d. nrt, 

WIRELESS TELEGRAPHY. 

Bl OUSTAVE EICHHORN, Ph.D. 

“TTin ■liilie . . . and eottMoee Vtlli a good dMl of diMrlpUon a etcefid 





NAVAL AHOUa’BCTURM AND AJSBONAUfJGS, 


In l^gn 9ira l^ndtomn Cloth, f^ofotefy Blostntod. Ik Two 
V oLoicn, £«cb Complete in itMlf; Mid Sold SiPARAxiLy, 


THE DESIGN 


AND 

CONSiRtrCTION OF SHIPS. 

By JOroi HARVARD BILES, M.Iirsi.N.A., 

ProfMwr of KftVA) ArtlUtocUtro Hi QiMfOw UolTorelly* 


Volume I.-CALCUUTIONS AND STRENGTH. Witt 38 Folding 
PUtes, and 245 Other IlluEtraiions. Pp. i-viii + 423. Complete 
m JUeU, with Index. 26». net. 

J^tcachi^ trf iiavaI jinihltrcture iu»r svienUlkrAlly -wiuiDiiCTl student of the 
will dottMICM rwmin the eUiHUrd for many years.’*- TiMe#* jr«j?i>i«Tinjr SuppUment, 

^Ol^a II., de^io^ with Subiiity, Wavee, OKUUtiona, ReaisUnce and 
Propuliion, Ikaign and Construction, U in active preparation, and 
will be ready very shortly. 


BY PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINL 

With W UtintratiofiB. Prh$ 6 $, net 

See page 19. 


taipW fea. MwMoflw UidCa. WiUt nurntma Wugtmtons an4 Tabiu. 2U 

THE STABILITY OF SHIPS. 

Bv St* EDW.XRD J. REED, K.C.B., K.R.S., M.P., 

asiowv i w txb uiraadAi. ommuu 09 bt. rrANiLAOt or kussia. rmAiias jocm or 
AomtA: Mmpota or Ttnuur: aitd uukg nnr or iataji; viO' 
ranraorr or Tea iNtrmmow or aavAt Asaaracn. 

orSKin’ttmvAUTAaiJB, Tha Naval Aacamcr 
ii» kaad, a ottss of inlomation wiiidi ba vcadd oiMr* 
puiery of pubBcarioat. aad some of wUeh bavoaU 
rbwa. " i i w m m t i ip . 


" Sr towaao Rxaar'i ' SrAaiurr 
»S Aad hmski WpalMr aad lasdr to I 
«iMh««i»N«h ia aaaiaMM «Bdk«i 
MwMy tM bo abb to ohtaia at all oImi 


AeRONAUTtCAL ENGINEERING. 

Snookd Editiok, Reviaed. la Large 8vo. Cloth. With many * 
lUiutrationa. lOe. 6d. net. 

THE PROBLEM OF PLIGHT. 

A TCXT-BOOK OP AERIAL ENCIMEERING. 

Bt HERBERT CHATLEY, B,8c.(Kk 6.), LoitDcii, 

Meoaor of Ctvit Eagtarotiait. Tona .Sbaa Kaftooarliet C<d)et*, N. China, t 
^Oenmna-^Tbo Probbn of Rbllit— 'fito Kohx.— Tbo AVropbao. — Tho AvlplaBt.— 
1>irM|b Battao^->Pem and Ridtifft of tbo Atetoia.-Arrt)roicM (Nb Pmtmiitf «/ 

'’AasiMaiao^lbalMtowkdsf AvallabboattMrabMi.’'- " ‘ 


tONOOR: «UMi 8 8 INFFIN « Ca. UNITED. EXETER STREET, DTR^a 





» CB 4 JtLm 9 UmM'* OKt PtJBUCATlOSB. 


W0BK8 BT fBOXAS WAIiTOM, 

HJLTA.L A.BOHI'raOt. 

FoDW'it Kditiok. P|it i'Xvi -t- 33S. _ With 18 Pl»te» wid 237 other 
Ulnatnlioao, uwloding 38 Folding DiognuB*. 18*. not. 

STEEL SHIPSs 

THBIB OOV8TB1TOTIOH AITS XAnmorAVOB. 

A Bamml ft tUpMUtn, Bklfi ttadmtB, 

MMl AtfiM 

Bv THOMAS WALTON, Naval Akchitict, 


AimiM or “ KNOW »ouB own utir.* 


CoKTiKT&'^I* of Cti^ Iro*| Wroo|^ 

NNittaB ol horn wd SU^, 


BBdaiML-Ooa< 
o OMiUoitioool 


ofCQiililSattaB.~>TnMM o« Voweli.— Tur?«t» Soil Wn a i hn , Mid Tnak 

9>mmiw. *c>-Kf&M>d KTtttiBgo Woriaw^p. 

mm^ VIL UmsUhmco.— P nrwtMtt of Dvterkmdkn in tbo Hnlk of 

eMpl«r in tb» bpgk ^ 

In Cloth. Pp. i.-xii. + iW. WiUi 9 PUl« Bud 163 other 
inolo^ng -10 Foiding 7*- dd. nM. 

PRESENT-DAY SHIPBUILDING. 

Fof Slup^ StudmiU, M/p«* Offh^rtr ingfimn. 

Bt TH08. WALTON. 

OoiMAtCoijnrwt*.— CUMifiontioo.— Muerinlt otod in Hhipbttiidiag.— 
AhMUiiivn ModM of Cott«tnolkiii.-UMaUi of Cdttitnotion.->-|iMBi&g, 
PUtn& RiTottiiige Stom Frown. Twin Swnw ArmofninMitijY^Ur 
BdUng ’ArmofniiiMitn, Lolling nnd DUohnr^ Gw, of 

VambK todnang AUnntic Untiv, Cnrgo Stonmm, Oil WTTtng Mnnaert. 
Tnrrtt ind oUmr SnU Trimming Stwiinni. Ac.*L(dix. 

“Swle IrifT^r > ■ ' loHowBd lUiMUnUaiu.'' - TiWa 

H lo <61 *ho !»»« to do wlUi 

Klcvksitw Bkitios. In CVown 6m Cltilli. Pp. i xti + 363. With 
149 IBnntmkw, tncluda^ *2 FoUhng Dingmio*. 7 b. 6a. 

^2tra7iJE»xi5i^^ 

^fibw YOUR OWN SHIP. 

Br THOMAS WALTON, Naval Abcbitcot. 
SpttMt unumi tttiiHti* rnfAnumtA •/ 8Uf»' (fmi^SUp»mMn 
BtpSi S m A mi M, Omt^kUmm, wiA Otktn, . 


alwSHMoA^h 




uniiM 7 *^us wiFFfi A fio.g Liirrio, ittm itieet, stww. 


.V4UTI0AL WORKS. 


OBOTZirS NAUTICAL SERINA 


Introd'uciOTy VolufM. Pp. i xix + 2 4^. Price Si, 6d. 


British Mercantiie Marine. 


Bt EDWABD BLACKMORE, 

lAASTU MAJUJnUil AMOCLATX OF TH« unmTVTtOlf OP WAVAl. ARCNTTKCTS; 
HiMsiR OP TUB DrtmvTtoN OP bucikekbs and SHIPBUOSBRS 
iM bcotland: BorroB op crippoi'b '*iiauticax. sbribs." 


U0ZKAI. Comm.-~HufotiOAL ; From Ewiy Tim«B to 1486— PnjTM* 
Hmstt VIIL— To Dc«th of Mwy— DnriSN Elinbeth’i K««ii— Up to 
tb« Bfifa of Waiius TH.-Tbe !8th and CenttmoB-IostitotioD of 
ffiBinhiatinni Titr »iid Prograai of Steam Fropalnon— l>eT«lopiiteiit of 
ftm Trade— supping l.egid*tion« 1882 to 1875— “ Lockaley Hall^ Caw— 
flMpiinirtwn' Sodeto-Loedi^of Shipe-Sbimnng Legiilaisoii, 1884 to 1894— 
Staaetka of Shipping. Thi Feuonnil : SnipowraeiB— Offioera— Mariiien— 
Dotfea end Preaant Poaitioii. Education : A Seaman’a Edocation: what H 
ahonld bt— Fraaent Ueana of j^noation— Hinta. Di^Lon aid thTTT— 
Poatwript TTbt Sariooi Decieaaa in tiw Number of Biitiab Seamas^ a Matter 
the Attention of the Nation. 


•«laiaaaa»iBB aad lavnwcnra 


mmy h« read vtrs Ptonr tad xiMonan."- 

^Braar aaAWOH ol Ue Htjeet b d«ait wlUi in a w*y wbteh bIiow* that tba witter 
•totwathafapm’ta«tMar*y/'-am(iBi» 

aauaaaLi book . . . ramoi wfLh bmIoI taroroiatioa^Sboiikl be hi tka 

kateearewerr leftiw". Wfw*m Hnm 


FinrH Edition, ThonmyiUy Revieed. Pp. i xvi -r JoO, , With 
Fr<miupiec«y ^ PlaUt {S Cohurfd), and 6S lU^traHofU 
in fJW* Taxi new Chapter on Cloudi, Price 6i, 

M iKJB>ruJBZ4 or 

ELEMENTARY SEAMANSHIP. 

IT 

D WlLSON-BARKElit Mantm Maaisaa; K.R.S.E, F.R.G.S,, Aa, Ac. 

Touatia aaowia oa thi ranim Boon. 

OmBAl. Oampim-Tbe BnOding of a SUp; of HolL 

SiMla mi SteBaUlaf-Rnla of the Road— Keeping and MevingWatch— 
P^Tcf ^ ^ Fhraew-wIiHiei. 

VThefoia»eocmui»eiiie»awainaeorTaaao 4 o ^ 

*TkA aBniaa*aa ti tr*****- ky Oar*. Wiueoa^ fUBta a of ^e ^y *^^^* ** ^_ ** ** 
PBonnSp ko^b lli fdOOB aBO^iBtiT tO * QBlffBI^ KaDllOaL ^fc li a < ■> < 

of Ike Meroham Hawr. Itwm be 

baSeSnlkl bp au 
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CHARLXS OMWiS A VO:S PUBUCATJlOm 


QBIFglH^B NAUTICAJi 8BBIB8> 


Sbookd Edition, SetmU. Fp. <>rti + 756'. fKiM 61 
IlluttnUwn». Price 3$. 6<L 


NAVIGATION: 

PRKCTICXXt JLND TKB!ORBTXCAX<. 

Bt DAVID WIiaoN-BABKER, R.N.R, P.R 8 .B., *0., *0., 

AMD 

WILLIAM ALLINQHAM, 

nwrcuM S01I0V19V vimiTioK, eamm and as wuswen* 

Httb Hmneroae 5liQ0tration0 ano Biarntnanon 

GnilAL Ckurrim.~DefiBititm»->Latitiid« ead IjaiiKHiid»-~lMlRaHali 

«f Kft Vigatfa io—Cogrwtfam of CotinM-^Pluw SoiUoff— T mtotm SoBiaf— D«^ 

WaA-PteiOol aoiteig-Middte Utitodo aSUng - 

Moreotor SailiBg— Cnimt SnOistf— PantHm hy Bottriiuni— Qmt Obdt 8tfthg 
•~>TWlUM-'QiMatkiai-~Ap|Mimx: Oompoai Erm-nwMStmitTMfBlfiDHta. 
ae.’-ladtx. 

** Pmb— I t ifc» Mod 9t wortt n»Qtthr*d for ibo N»wOmiOeMioof eowyoiowiy ^ groAoi 
frovSteowl Mote to •xm XMier CawUdAiN wilt ao4 it arnkVSAUM.*'-~-9mem 

ASmrtim. 

**A CAmAL uma aoos . . , ifiodoily BdAiiiod to tlM Mow InalMttOHk tfei 
AMkaroortCAfT. Wii«oihBAin»(Ctpulo<6^p«Hot«od«oto( Ut« No>t|«t)<Xil)MAB.liE 
‘ WoraMtar.’ wIm faw ba4 fnot iitpMtRioo Ut ilw btgtMBt probIcmA of HotI|moo>, tad 
Mb. fiiirriiii ‘ ««tV4oow« writer OB Uw Seteooo at NAvtfkOoo mkI KmUmU Mtrmamy " 
- wWm 


HamUomt Ctoth, I'p. i xrt* IS:. With I>t /Vofr* tmd ■vA*r 

, UtnBirmtwm^. 7 m. $*A 

MARINE METEOROLOGY, 

FOK 0 FFICEB 8 OF THE MEBCHANT MAYT. 

Bt WTLLTAM ALUNOHAM, 

iotoi Antbor ol ** KaiigoUoD, TbaoratlnJ mxA PnctIflaJ.*' 


With muaeroiia PImm, DUgr^ino, and lUiMtratioM, aad % fMoimito 
Raprodociioii of a Pog^ frooi an actual Mataorologicat Log-Book. * 

stnncAST or contcnts. 

lanooooioaY.-taatnimeaia tited at 8ca for liruorolciloal fareoMM- 
‘ - -aaaToiw 


tgglail LM.BoolBa«<>AHMMplMrte rrnpir a-Aif TtapanMana-doa Tonnonlana- 
Wtada-wtad foroa Sialaii.-'^lonr of tbt U« of gtociaa— HontoaMi, laaooBap and 
Horn IkMica-deaufloa of tka Cyelena Frolilaak'»Doaa8 Cwraata.— loalMm-W’ 
^ t OMrtB-Dav, aad Baia.-<aoada- Mater tewoTa^ 


— Utettiteii, Oorp o te al a, lad i^^Mona.' 
trmttwWffiB gy!teti<jj^|Aiy ^ imaamnw. ao ttea aatetat anr 


iJMW: emuB mimi i eo.. umhed. heteii btreet. BTmm 
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ftBIlFnrS NAUTICAL SEBIES, 

Tbi&d BomoH, RinsED. Pp. i xii^ 175. With 54 DlattrEtiona. 
Price St. Sd. 

PRACTICAL MECHANICS; 

Applied to the Kequirements of the Sailor. 

By THOS. MACKENZIE, Mazier Mariner, F,R,A.S. 

OnnOLU. OoFrnrra.— Rttolatioti tad ComiMition of FOTces-Wc^k done 
^ Mtchinet Mid Living AgenU— The Meohtiucal Power*: The I .ever i 
Uirrkski it Bent Lever*— The Wheel end Axle : Windlfuw ; Ship'* Ctpsten : 
Onb Winch— Ttcklet; the “Old Mtn”— The Inclined PUae; ihe Sww— 
Ilw Cmkn of Omvitr ol t Ship Mid Cargo — Helttive Strength of Hope : 
9t*tl Wire, Haiulla, Heny), Cdr— Derrick* and Sbean- Calculation of the 
OoM hwafanr Strau of ra S^iar— Centre of Effort of Sail*— Hydroetatioa : 
Ih* Diefa^r4>w ; StahiH^ of Floating Bodie* ; the Ship** Pomp, Ac. 

'* Will woiTR the money ... will be found ixgkbdikoli HstproL.”— 
ffMpp^ ITorid 

“ No Ships' OmcKSS' bookcasb will henceforth be complete witiwmt 
OafTAUr liacctnat'a * Pnacricai. MncHamoB. ’ Notwithatanding my many 
Man' experienoe at tea, it hat told me how macA more there it to aeqnire.”— 
(Letter to Ui* Pahlubere from a KUeter Manner). 


WORKS BY RICHARD C. BUCK, 

of ibe TbiBiM Naoticat Tratnitix Ooltefe, I1.1LS. * Woreeeter. 

THthn KiHTioJi, Hcviawl and Cori-ccled. Pp. i viii + llJI. 

With SS lUtutrationa. Price 3s. 

A MANUAL OF TRIGONOMETRY : 

t 

With Diagrams, Exampiea. and Exercises . , 

•,* Mr. Book's Text-Book ha* been specially pbkpahrd with a view 
to the BxafliiBatioM of the Board of Trade, in which Trigonom^ry 
i* an obligatMy •nbieet. 

‘•TSl* m a m m-T rtAcncxL ud aau*>t.t vouma”— AMoIwmiw. 


Kditios, Keviaed. Pp. i-viiirl5d. Price 38 . 6 d. 

A MANUAL OF ALGEBRA. 


Omigiml to moot the /tefuiremente of Sailort and othen. 

Theaa MMntelarr wodU en aimua ukI nueotoamr are wri mo ipceiallr tor 
laaat who wfllhavi HfM* oppominUv jt eonialtlng a Teaeher. Tliey are book* for ** selv* 
mmom “ A Q \mi th# WatTittti 010110*1400* ti*v«. ttaerefof*. been avolddil, tad *mwE*t to 

fffMtnm thHi Ib the (wimUdoa for * farther re a t h eait Ueel eoonM, U dtjdrad. it 
to Cw foaaaor Ottoor* of oar MereaoiUe HariM Uw wli> be foi^ 
•SSdSila The tad Exerrlre* are i«ken trout the ffxtmlmtloa Ptpwim for 

thtOamofth**WB we itO f ' ^ aimum *■ 

^Olsarlx trfaafwL **>d *0* op . a Bwnwa KMiienwry Ajfen**. _ 

0emHml MOfotWe 

UMOON: CIWIIE8 aRIFFIM 4 CO., LlilTEO, EXETER STREET, STRAW. 





36 CBARL8S OHimK A Pl/BLWJ TJOBS. 


GRirrnrg hatoioai snm 

BjtooKD Kditioh, ReriMd. With DUgnuna, Prio* St. 

UTimSE AID LOlCniE; Hnto.ni(tliiiD. 

Bt W. J, MILLAR, aK., 

Ittt Smntmrf $» tki AmI. e/ Xftmrrt in 

** OoiwisnrT and ojublt wiittkk . , . oammi hot prova w aoqoiiition 
la IhaM atodhring li%maiiHm,*'-Ji/aru,e Sm^imer. 

•* Ytmng Smmm vil) Sad it haktdt and unroL, nnrtt and OLSiit.*'- TAi 
Mk g ii tMr. 


SwconD Hi>iTtO!c, Reriaad. In Oowp 8vo, Rp. i-xvii 4 230. Price 4*. 6d. 

THE LECH DDIIES OF EimUSTEII. 

Bt BENEDICT WM. GINSBDRG, M.A., LL.D. (CAOTAa).. 

Of Uw laiMT TtaapI* and Xortbarn CIrnilt ; Bttriitarat'Lav. 

Oanval CmtanU.— <K»HanHqti for iWUoa of aDtpWMUr — Ow tncft villi Shlp- 
ai MpMt of Iha Cnror : laM|«H«t ; Ap|>r«tiUc9Mi : DtiojpHao ; Pm* 
ririoM, leeaMaodatHa, aad Modlaa OiNBlgiU; Pi]raia> of W«f«i aad Maehaniio.-- 
l*niMigiii.~niaaciil laipoaBibAtttlaa-Oiffa-Caiiiatti.^De^ lo ettuia PabUc 
AatMtiaa-'raau, WgaOh. Flam, aad U^tlDaaa.-Ant«aJ at tba FCrt of Otochafga. 
-Apawiilew OB LMdlfatiwa &O.T. CanttGaUa, ENaUiy Soalaa, Btow^ of Oi^ 
ca^Oao, Umi UnalUeBta loaa. ItfaaaftBi AjDptiaaeaa Cantaga of Cattl#.~lNMx. 

•♦Ila imrfHgwt Manm ^obM hma^tMaiaMtUnaf maty taala AfavUnM 
M tt M9 uae a uLvrina Pia. oaataw utMOM woMT ~ Alairfiaaf Aaaraaf ^ 


Nwar MID AT 9KA. 

Tun Rntnoii, KeviMd.** Pp. i-xviii + ltS. With 82 ltlpElnilkHti> and 
the latest R^ibtioit» on the Carriage of Medical Stores, (k. 

1 RDIOll AID IDlCnAl lEir 

For Shipmasters and Offieers In the Merehant Navy. 
Bt WM. JOHNSON SMITH, ?JL0.a, 

Fiiadgal Modkal Oflom, SmaMMi ScepItahefOfwrMh, 

V Taeitanatoa of afl taniaaia d la oar narabaat Saff la rogaoolad to Mi awHhagll 
mmd aad aabaMa vorh li ta aai di iaa to aof itei it H la* t a u aai of mamf raan 
nimiTrii ■■i i aiiiraa aiirafBi floiBun 
'*S'c«ga. AToasoca. boau-t aauvcL "— !%■ Lmtm 


KutViATli Rptrms. He^iaed and KiiUrgcd. Pri<Y 7a. ttd. 

KNOW YOUR OWN SHIP. 

Bt TH01{A8 WALTON, Natal Awamor. 

Urn n^inmm^^f 8kip$* Oghmt 8kipowMr% 

r . Onm^ktamtUt tngln$tni, mtA OtMre. t 

For Cootenta and further perMeolart of work, and Uher woAo 

by ibe aaew aothor, «ee fk. 32. 


UMm: OHIUS IIIHIIi k OR, UlhTIO. EXETEI mm, OTIMR 
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OTHER WORKS OF INTEREST TO SAILORS. 

In Pocket SUse. With 358 Pages. 3i. 6d. net. 

ENGLISH-SFANISH AND SPANISH-ENGLISH 
SEA TERMS AND PHRASES. 

Bv FtEtT-PAViiASTKit GRAHAM HEWLETT, 

'* Mont ecwplM* . . . iweflil . wr can }K*«rti}r ircumnx^nd )t."— a/wmxA}/. 


In CrpWQ 8vo. Handsome ('loth. Many I>iagrarnB. tJs. 5d, net. 

DEFINITIONS IN NAVIGATION & NAUTICAL 
ASTRONOMY. 

Bv 1* (iKOVEfJ SHOWELL, 

ItHbt Ilf ttir VavifitiLin IVjiartntt'iit, 1..CX' Mxiol, Poplar 

Co.vTl?fTS.---X>eflJUtioii». --General.-* Navi^tion.- Nautical Astronomy.-- 
Tune. — AlisceHaneoua. — Notes. Meatnrsiiwits. ~ Mariner's Oomims. — 
<'broDOtneter. — Axinatli €oni|suB - Peloms, — Sextant - Vernier.— Arti* 
iictal Horwoo.— Soouding Machine.— Log, —Station Pointer.— Barometer.— 
Thcnimiiieter.— Hygrometer— Hydrometer. HlsoeUaneoiu.— Star Nooieu- 
datura.— Greek Alphabet— Planetary Symbols.- Weights ami Measures.— 
.Areaa— V’tdumes.— I'wrfiil Notes.— I n orv. 

‘‘Hr. Gnws»f n i i iw»tl wrtlen »ith a fult <if hix subject. xikI «it1i st1ijiirabi« 


Attention is also drawn to the following;— 

HYDROGBAPHIC SURVEYING. By Cohmavder s. 
Mwi-H. H-S. [■'**' 

THEODOLITE SURVEYING. By Professor .IaMES Park. 

[.Nre 41. 

’ THE FORCE OF THE WIND, By IIkhrkrt ('hati.kv, B.Sc. 

[AV fftge 23. 

THE BARTH’S ATMOSPHERE. By Ur. T. h. I'mrsox. 

[iSV 46. 

• • 

WIRBLBSS TILEORAPHY. Bv Gu-stavr Eicuhohx, Ph.D. 



MINING WORKS. 


Paffos ao-45. 



Mlllliia WOHKS. 


WOBICS BX 

SIS CLBimT LE SEVE FOSTER, D.Sc., F.R.5. 


^ 7'J Price ‘i8» net 

ORE & STONE MINING. 


Bv Sir C. LE NEVE FOSTER, D.Sc. F.R.S., 

L*Tfe f%onmou 01 * Hmmc. kuval col 4 .kgb *jr ticiENck. 

Revised, and bsouhht up-to-date 


Hv Vmor. S. H. COX, Asn(k,K.S.M., 

I'Srin ^sok <!K WIMNI.. R'.vai. < c,} ..j vci»\ci . 


QENERAi. CONTENTS. 

HtTRODUCnON. I 
— BrMKliiE Grwuid.- 
Transport. -Holsiiag 

ASOOnt.~U(-v»*ui|^~r(-iu(;i|nns VI bn 

-UfUlatlon affsetlnp Hlne^ and Quarries.- 
AaeMents. -Index 



• ^ HaU ihe pleuurr to review » work iw thorough aud oitmplete a« 

tb« pre««iit one Ektih iti muin«r and In matter it is fab suhebiur to astthiko ob 
ITS MPIKIAL 5fl'W»eT BITHKRTo Pt'BLtriHEIi IX KXGLAXIl JrAen<riMfi. 

'• Not only U U»tt work Uir ai^knowlcdged teitdKwk on meUI xniiilDg in Great Britain 
a«il Ui* toluotea. but that it ia ao r«eartle*l in the I’nited State* of America ia evidenced 
bjr the fart that it ia the book on that subject rei'omiiieiid»l to the students in most of 
the mining adiotdt of that country. -TAc Timr*. 


KhiTloN, UpvirchI, III CiTjwn Sv«. HaiKinome Cloili. 

Willt nearly 1100 ltluj»tratioiL>^. Price &!. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Intmduoton) Text-Book for Mining Students. 

Bv Sir C. LE NEVE FOSTER, D Sc . F.RS.. 

• Ijite Pnifesaor u< Alining at Uie Royal College of Srieiicc. 

Reviaesl liy S. H, ('«\. A.H.S.M., Ac. ^ 

OkNKHtL CoXTXJTPis, -I ST roucction. - Occurrence of Minerals - Pro- 
•pectiog Ii«*riniJ. — Hreakin^* Or-iunfl. - Su}>f>orting KxcavatioriB.— Einloita- 
laota — Kaulox^ Trwis|wrl -Hoisting or Winding. — Drainage “Ventilation. 
— DtR hung —Deaceul and Aj<cenl — f>rew«ing. Ac.—Ixdbx. 

A remarkatity clear aunrey of the »liok held of mining operaliona"~fiH?tWr. 

'• Rarely do« II fall to the toi of a n vjpwrr to hive to am»rd*«ch unquallflevl praise as 
this Uaik deaenrea. . . . The profi^udon generally hate every reason to be grateful to 
NirC. I.e Neve Koater Utr Itaving enrlchetl (H!ucati>«nat Mtcmlutv with so admirable an 
tlementary Teil l*nok." Jfinui.; 


In Lar]gc f roAsn Fully IHusirate^l. 6s, net. 

THE INVESTIGATION OF MINE AIR : 

An Account by Scvmit Authors of the Mature, Significance and^Pmcticai 
ItetMs of UooMuroment of the impurities Mmet with in the 
Air of GoMierits and MotaMiferous Mines. • 

, tUITED BV j •* 

Sir CI^MENT LE NEVE FOSTER, D.Sc., F.R.S., 

And J. S. HALDANE, M.D., F.R.S, 

We know qf i rthM Yg ewteniial that has ia^ omitted. The bode is libenlly sopplKd 
with IRuMTUioM of appanMu%.‘'“C#/iSr*y Ct mrdUtt, 

lomoaiotuauTiima » co.. uMiTto. exeter streej, sTdRii 



40 ^ CBARLSS QRIFfiH « 00,*8 PUBL10ATI0X8, 


WORKS ON COAUWININO, 

Fimi Kditiox, Reviaed and Ch^tly Eiilan^ With 4 PUtcs and 
690 llloatnitioiit* Price net 

A TEXT-BOOK OF COAL-MINING: 

FOR we vae of colufry BAHmita mo owers 

EROmO m COAL^RWWB. 

Bt hekbbrt william hughes, rg.8„ 

X»*x. Rftjrftt of Mia*-*. U<a«rU N*wmpn' ol 84 Bi 1 ««}I IHurk OallWr5. 

Uknulal t’oviianx— — ^***‘ C«U,-- Breaking Oronud — 
^inki^. — >Velimtiuu7 OperatiODS. - Metbodt of Working. 

Winding. —Faiii|iiBg.—V eotilariwi. — Lighting.— W’orka «t Hmfnce. — Pro* 
pnntM>ii Ccftl lor Market —I niikx. 

TU U*T lOOE «f lu klB 4 . . . ft» rHAnTfCit iti «-< A boik br* . . Tlio 

tilwUvUwn arv Mic«UJUT,''-.ltfc^iH!nrM 
“ W» cofillaUrr rwuNknciHl ih« f/MtniMiii. 

'* Wtit «««« (titflie rr{:»r 4 rv(i 4 cti<c W<»kK I>f tl* kht<i ‘ iMirn 


Porimi Kdition, Tboroogbljr Revitod nad Cirenlty KuUu^ed. Ke-tet 
throughout L^rge Crovn 8vo. Hnadkome rioth. 6d. 

PRACTICAL COAL-MINING: 

4 MANUAL FOR KANAORR 8 , UNDBR-MAHAGSRS. 
OOLXJXRT XNOINBBRS, AMD 0 TBXB& 

iTifcfc fTorhed'Oai PrvhUm* o** Ptmputg, ftMtiUuiWt 

Bt OEORGR L. KEKR, M.E.. M.Ttfvr.M.E 

CoxTOTSk. — The Sourcee mud Xature of Coo) The ?hMrvii for Coal — 
Siakiag.— Rxploidiree. — Meebanical WeiUrea.- Kook DriJtcaiid Coal-caUtne 
Maehioea — Coal*ctittii^ lu Machinery.— TrmoiuiiiMion of Power.— Mo^ ih 
W oriong.—Tbabeni. "Roed ways. -Winding Coni— Haulage. Pnmpiog.— 
VeotUatroo.— Safely I^amiJO.— Hnrface .tnnngemeota, Hnnr^ng. Ijevelling, 


’* aa awaiitiAtaT raamc^t »»*l oia W nMiMebilr KwmumtM. Xo d«n»nai«al 

«l OMt-ilnilae INH bnm «wai trw e a i 4 . *— Otavffe. 


.Stixixp Kotriivx, Keviaed Is Crown Hvo. Handiomt Cloth. 

With 900 llliutrattoii«L 3a. 6d. 

ELEMENTARY COAL-MINING: 

FOB TH£ Ua£ OF 8 TUDBMT 8 . MmCRS. AND OTHERS 
FRBFARIMO FOR BXAMUfATlOMS. 

•Bt GEORGE L KERR, M E., M.Ixsr.M.E 

Cdxtmt-dSottfoea «iid Xatim of Coal— ExplorOion and Boring for 
Co^-Btaakhw Oroned.— Kiidour^ Blaatiiig, 4c.-Siakitig and fiitiu 
of MBn^Modw of Worin^— Imbering Roadnan.— Winding* asm 
and Drninaia. -Ventilation. e-Cnoanfof and 

efpM 


AndMMj^ faaMfnMOee la a puyala r aa 4 fUiMliT* farm 

awltaawn»a<eiiinf'warfaii»iitfaiia*awiwinim VHtt*. 


: Mttn ipil * CO.. UNITED. EXHER STREET. BTRMt 



MiytifG woa£s. 


Fourtkkntk EditioNi Keviied. With Numerous Dugnms. 

Ckth^Ti, 6d. 

A TREATISE ON MINE-SURVEYING; 

fofttf urn of ikma^on of Miim ao^ CoUforioi^ Stinlooti 
ot (*« fhifa/ iekoot of mooo, do. 

By BENNETT H. BROUGH, ASSOC.R.S.M., F-G.S. 

KrvisKi) n\ 1. H. COOKK, 

iMtroctorof Mbs’Survtrbf. Royai Scheet of MiaM. 

CONTENT}i. — (Jcn<»tkl Exphinatioos. — Xfeasurenient of Disuooes. — Miners 
Dial— Vanuiion of ihe Magnetic Needle. —Surveying with the Magnetic Needle 
in the Preaence o( Iron.— Survwmg with the Fixed PC^Ie. —The Goroan Dial-' 
'the TlKodolite.— Traversing CiM^ground— Surhice Iwvcys with the Theodo- 
lite. — PkHting the Survey. —Calculation of Areas. — Levellii^, — Connertkm of the 
UndergrouiKl and Surface Surveys. —.Measuring Distances 1^ Telesom.— Setting- 
out,— Mine-Surveying ProWeim. — Mine nans.— AppUcation of the Magnetic 
Needle in Mining. —Hiotogmpbic Surveys. —Ai*PENmcES.—IvuEX. 

” Ilk CLMAaMMs «f riYUL tucionvof uescKimoM. ud n'Utp.s$oroRTAiLia«c iowae»w«B 
AfMaptoctiMiaM to tfe« Vmmmeeet tbHbrwcfa of atouw ewatoratoe. swl the (meat cdttiaa 

Uw Mill awdanl ot topnJetewerv Ta the HiMcnt, aad iq tbe minlttr eiylncer aiau. ITS 
VALl’R b The ■« ctctotoit"- rto ViHXPt' 7 ’<wp«m 4 


Id Crown Svo. Hmidaome Cloth. Fully lUuatrated. da. net. 

A HANDBOOK ON 

MODOUTE SDRTEW AD lEYEliJEG. 

for the UM of 8iud$nt$ m Land and Mine Surveying. 

By Propehsor JAMES PARK. F.G.S, 

• Cu.NTAxTS. 'Hie Scope and Object of Surveying.— Land Saneywg.— 
The TheedoUte. — Cbnini and Steel BandA— Obataclca to AlUgnment. — 
MeridUtt and Bearing*.— The TbeodoUte Traverfle.— Co-ord^tea of a 
Sutioa. — Chleitlatbn of or Connecting Line in a TAiverae.— 

OaktiUUoii of AniM.'--Subdiriai«i of Land— Triangulatfon.— Determina- 
tion of Tnto Meridian, Latitude and Time. - Levelling.— Railway CnrveA 
-Mine Bnrvey^ -Surveying Boreholea -Index. 

-‘A I w ti 4 i irUeh ihonM tin*ve u useful to Uu- surveyte as to the 

k t udaat/ *- .VaMw. 


8 ec« 3 «d Kditios, Reviled. Crown Svo. Hantbtwne Cloth. lUuatrated. 6*. 

MINING GEOLOGY. 


A TIXT'BOOK FOR MINIHO BTUDENTS AND MIHEBa 

Bt prop. JAMES PARK, F.O.S., M.InatM.M., 

‘ lol*nlw*lty8ebooiofillM: ^-«- 

^ ^ M(ii oaokpteri Rarvejg ^ Mktog OeoK^ to the 


rioUeMtof RlalmiaadtHwciorofUwOtaipUnlwdtyai^ofiUiim^^ 

SnST Mla^ CooelAi^lwmoodoy^ SanipUiii 

I vn k^fflSST-Sie^mliiatinn and Valaeitoo of JIlnea-lEDEX. ^ 

'• A weifc wWeh AonM And a plaot to the Hlwanr of «w*7 mtoUig engineer. - 
Afnhv FeHd, -- 

; Utlim ffltffwt * W.. LlilTEO, EXETER STRUT, RTRUD. 


gl 

iiMir 





MlSim WORKS. 

voazs ON tBsx ssta , am oamiB, au. 

SHiFT-SWWG ramS CASES. 

Bv J. RIEMEE, 

Teahslateo by j. W. BROUGH, A.aLlN8T.C.E. 
CosTicKT».>^bAft Sinluag by HAod^—Sbi^t Sinkiiig by Bortu^. — The 
Freezing Methcd.-^Thc Sii^uig Drum Process.— BiBLitv;BAPHy.—^SDBX» 

‘*Tha urautlaUMr 4«s«rve« the theiilu at Uie wiains oummaiifty for plsciu^ this 
vaiiubte worit before Uietn. . . - The work Is one which every mlninK eurineer 
ibould indqde in hU llhrsry." IForid. 


Skoobd Kditiun, Revised. In ^Arge tivo, with Numerous illustrations 
and Folding Platea. lOt. 6d. 

BLASTING : AND TSE USE OF EIPLOSIVES. 

By OSCAR GUTTMANN, M.Issr.C.E,, FJ.C., P.C.S. 
UoxTK.Kta. -- Historical Sketch — Blasting Materiaia. — • Qiaalities and 
Handling of Kxploeives. — The Choice of Blasting MatenaU. — Preparation 
of Blasts. — Chwber Mines. —Charging of Boreholes.— Determination of 
Charge. — Blasting in Boreholes. -Firing.— Results of Working.— Various 
Blasting Operatuma.— I mdex. 

" Should prove a r^ds^mK^mm to Mini<i( Enfinem :Lnd alt enfa^ed in practical work.” 
-/mw md Cmi Tr*dft Xttdm. 


In Mediiiin $vo, Cloth. With many Illustrations in the Text 
Pour Full Page Plates and Four Folding Tables. 6s. net. 

HEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Tkanslatki) and Kuitkd bv ALEX. LARSKN, M.Inst.C.E, 
Comm. — Introductory. — Historical — Testing Stations. — Power 
Oaa|ca. — Prodnota of Combnation. — Rate of Detonation. — Length and 
Dontion ol Flame.— After Flame Ratio.— Transmiaaion of Ezpioaion.— 
CoiiolwdoM. — Efficiency. 

**Ita fseies hvlitl* wtUt miibpmUuiu and acutal cxperimcutal raulU to an eitent 
MidoiD foeiM} la a volams ^ fife Uoies lu sise jlruu Mcf Htflonw, 


la Crown $vo. Handsome Cloth. Fully IHastrated. 

A MANUAL ON _ 

ELKCTRICAL 8IONALLING IN Mimsa 

By GERALD J. HOOOHWINKEL. M.lNflpr.E.-E., M.LMik.E. 
coimDm.-sa(Tnox ].-B1«cuic BaalMri aifnab-(a) AoousUc Signals. Op el 



^4iiallb«1asUllaM0Ba iieimoa Il.-WeclrlcShiAklgiia^fl) Ao^UcS^^ 
BsoM^sohiahml abasia -(r)Optf eel AcotwOc Slfuala-SlgDals to Wladi^ 

-For WMlae lisa, -Slgaal^ from the - Bmeigmicy Slg^a- Bella-Nine 
YititTsiiU i7^1ae Telep hooeTaaCTiQX III. -Special AgpUcatbps la Mtaea 

lOMWs eiufiLEs Sfiimii i co.. imirfo. tmt* 8 TiisT..«ntti» 



44 V ^ OHAKIKS OBtmH * OO.'S PUBiWATlOHS. 

Sioo»D Kunw, Hmmd Tknutgktmt. in MmUnm >Ki(A 
^wmmm Mmp9, md //fwCitUtaM, ^ net. 

OYANIDING GOLD & GILVEG GREG. 

A PrtcticftI TftfttiM on tho Cyonklo Proem; Its i^^plicttlon* 
Methods of WorUng, Dotlg n and Oonthmctkin w 
Plant, and Coats. 

Bt H. FORBES JULIAN, 

Mlnltv tiQliTiT ftirlti H il la "f T i ii i ihil Niliir wrtlii 

An 0 EDGAR SMART, A.M.LO.E, 

Chrll Md HMUflMl 

“ A twMwttwM* votaM* oC 400 whkb wUl ht & vmhttbl* book ol Mw m q* fw 

■i>nfifaitii with Ibt p wMM."~A<iildr Jmrmt, 

‘*1>nathoi» MO 10 ho wimnitaimd upoa |1» pMoetloit oC «bit; lOuaUI pm to So 
ft fttaadftrd voric.*-- 


Jm Lariftf CVoftm Sro. FftU 13 Piatf* and wmnff lUmtn^em in U« TVact. 
HaaaUmt CtotA 7a M. ad. 

m CliKID! PK«S OF OOID nTBACTIOI. 

A TaMt-Bnok fat tka Uaa of taUdhrgiata and SMani* at 
Sakooh of A/iMi, ia. 

By JAMES PARK, F.G.S., M.latr.M.M., 

Praiftwar of XtadM aa4 ObMIor of tSt Otofo Talwnlt^ SdKiolof IftaM; tote MiMlor 

TlMSM sAoot of BOw and OMlofleiU ftMl Xim Mop* 

totatOofomMiaof Ktw TMtftint, 

Forkra Exetusa Komox, ThoroafhlY Reriwd aad Gieallj lalw;^. 
With odditaooai doteib oooceraiDg tho SiMMaS'Hatoho and owor 
rcociit waooHML 

“ DtMTTM loOorwilwd M ftO WItlt Um PMti^r tXitnWTIUUTm.’''-- JfOlflV JoitTMls 


THtac^ Komos, KerlooiL Ifiih Ptatn and tUnakrattam. ClaiM^ la IcL * 

• GETTING golds’ 

A OOLI 3 -M 1 II 1 MO HANDBOOK FOB mAOTICAL MKN. 

By J. 0. F. JOHNSON, F.O.R, A 4 LM.&, 

LNS XiPNr AMtniHtatt Waa'MftMiM* Omoda d m 


Gaasttiu. O o oi ax ia .^I»tiodocto>y : r n otM i U i n (AiMtl and G iops lK 
Lodtee SmI P"tf-*****i rM«»inin|y tdiMd— AtifttiMiiiM 1 wt— IWift^ 
GaMEstfsrtko-ThhWio CaIrtaiRei -Motor Pom aodtIiTrsawrifItw 
-ComwiY FoiMlhsn-SC^ ApplbaoM aad IlKhodt - AagBilMiaa 
iiwif Bwdelkoa. 

» paiwicsa tnm biPnafaf to —d . . . imJn ilwti i ahly tM«a ta* 

mSM^ Cl wI i iiii.Mjfcttaeitoagfr’*’’ 




in Oram lao. lUmatmted. Foaey Ctalk BamrdA U. Id. 

OOLB SEEKIM IN SONTH tfRIU: 

A Hudbook ofttnti for tattamlliir biNnrm, PmpMtan. 
4 ”^ udSMiafft 

Bt THBO KASSNBB,. .* 

m BMpia MBw *1 Oft (Mietai aMftS «« Of thft Bi lAe Mi fm 

WWa a m tka Agrtmttami Pm^aata af iMtt ifdm 

-Am imamam at aprOlw — <r paa n a A ly jalaa Y4fea*--4AAa» amamm, __ 

MMN,: Mfinn nmi a esi, uwm ektei iiket. ffiMO 




* NXW LAKO SSRIBS. 


QEEPfPTS ;*lfEW LAUD” SERIES. 

PimiAiM for iks Urn ^ Pro^^eto^ 

SiUUm^ CchmitU, and aU ItUermed m ths opening 
up md Dwelopment of New Land$. 

Sj)iTn> IT ORENVILLK A, J, COLE, M.KLA., F.G.R, 

P ro l iit or oCOfotow to Uw Boyil CSollege of Seteow tor Irdtiid, tad ftauntew to 
tile tJnlTeriitjr of London. 


/• Cfritwn Bvo, ffandume Ctoth, 5$. 

Wiik Nwmeiout Mope SpeciaUg Drawn and Mxtcuted for tM§ Work 

NEW LANDS: 

THIIB BBSOtTBOSS AND BBOSFBCTXVB 
ADVANTAOBS. 

• Bt HUGH ROBERT MILL, D.Sc*, LLD, F.R.S.R. 

weal edainUy Rpfilled. . . . Bei the sdTMlice of betof written by ft pi«> 
Mwd Oeoi ifty he f .*' /rrrntl. 


With mnuf Ea^rii^t nnd PboiognphiL Haodeome Cloth, 4i. 6d. 

FOOD SUPPLY. 

Bt ROBERT BRUOE, 

AfrieiUtanl g n pw t i t wtont to the Sor»l l>abUn SoeMf' 

^With Appendix oo Pte— rred Foode bj C. A. MrrcHiu^ B.A, F.LO. 

‘*TW«oitll«M«bkhwlllft|ip«*l to Umw tntaodlu to beooae ftrmen ftk hone 
mhe(bkrtie,»ad who deilr* to oMeto a inera] idM of the troe prtndpln of 
ft AUi Hi nLjUK9^''~«/eitriMl Ayei OeleiUel liuf. 

-— • 

Flfni ElWTioif. WUk lUiutraHtm, ffandeome OUik, St, 

PROSPECTING FOR MINERALS. 

4 PMM itairftM* for Pmimtiin, txpitrtn, UOItn. W nil 
i Kt t m tml In (A* Oimint up and Dmnlopmnit tf Htm tanai. 

Bt 8. HERBERT COX, A-OC.R.S.M., F.G.8.. 

ItDfMifir of Iftnlnc ft« the Boyel Sehool of IQmft. 

QmnmjOpOormnk 

tionofltenli ' 



fim.IttftrKlMlion and Gerfoo^Tbo Deliorfnftr 

IlMMt 


jmym. SJt, 


; AMaWBr, mmomh 

„_^jn)a D fW> nii i r T 

-irindvdMMi. 



CHAJtLMS ORJFFllf A 00,*$ FOBLWATJOJF8, 


Jhma |4i* 

Stniigraplilcil Geologj ft PalsoDtidoi!;, 

ox TBS BASIS OF PHILLIPS. 

By ROBERT ETHERIDGE, F.R.S, 

m m MATvEAt. sanr, vmnammn. miitiiii Mvnniii. um nuuMMTOtocttr n rnm 
cp om cioa smivwr op oesat mutaw. pait PEiMMBrr op rmm 
OPOiooiCAi, tocmnr. me 

IBUtb AiA flaiMiow IMUa anft IIMrtg«6ti putca. 

"Mo pKk oompM^Mm oft (toloi^ool kopwtiftiso hpo PPift %ooo ib(i4mr koloto,**™ 

** If Poop. o— i—ii t ia hh tm to toj g iM i i t y pod <>W t wo il l M ft tii wws 

Mto traoniB lUto iMiiio *• MMrtiM ■■4o b MpiSiM tlMt lio Me An to «ao> 


afctojiMw 

€te=? 


Sixth EottiCM, Tbora«||£b}y Rovuel With Frontitpioee ood 

IQttttnu^ Qoth. iQt.6d. 

AIDS IN 

PRACTICAL GEOLOOYs 

r/rir a smction on PALMONtoioeir, 


B» PROFESSOR GRENVILLE COLE, M,RoIA, F.a& 
OBirVEAl# OOHTBlVtft- 
FART t^-^AMPUHO QP tm BAmri Crvit. 

FART U.^Exaiohatioii op MwtkAU. 

PART UL^ExAinitAtHMi OP Rooo. 

FART lVo«SXAMtl(AtlQH OP Fowu. 


“ HHmKfim Of Tos R 
MVAiPAOUt A1 <i m ta — wn % 


"Tte ftho «iik iiiWRii in nile 
fOAcncAi,' «9 W iftw v«r4io of aB «Hi 


ilMf R 1* toB ol *Aiae'Mi ip I 

10 at*— i Po ftowf 


STUR>nS IXf OKOILOOYi 

An introdKmuon to OooiQcr 
Br PROFE^R GRENVILLE COLB, ll,RLA., F.G.& 

For d«nilft» xt OfriAi'* t i moJoaor y Sopow Sorlot, p r* 


tm Cnmrn hm. MmmAsFm Ckik. U* lA 

BMliRCHM OH TU PAST AMD PUSUT H18T0BT 

THE EARTH’S ^atmosphere. 

iotiNAtof tk$ itOtoi OiAtooAtito tunt 

^ Br DR. THOICAS LAMB PHIP8W. 

FAIT L— The Eisfth*i AmoMFEn* h Rmnn GooMal FerioAt, f 
Pabt IL— The AtiMpphm of a«r Fmeot period. AppeodMei | fmleii. 

ImmA shooH ptpoe ofleiHeit to pHNNot fonloRt^ m oofl x x pttootohBpMt soO 
ofthw MiidiMi s0 trioMi**— Ahopep. 


tMM|||Wni Wfra I le UOTESb 






MaTAlLURaiaAL WORKS. 






CBAUiMS OUm» * 00.’S PUBLIOATJONS. 

axcwwafB mrALLtmoioAL sranfli. 


Sixth Edition, tlraroiighly Revised and constdeia^ Enlaced. Lartt* 
8vo^ vitb wuKfOtti lUortiatKiQs and Micro* Flotogn^bk 
nates differait varietiea of Steel 

An Introdaetion to the Study of 

M:ET^LLTJRC 3 - 12 r. 
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Sir W, ROBERTS AUSTEN. KX.R* aC.U, RR.S., A.R.S.M., 

Lite ClMMisi «id AaNT«r «f Um Kefil ItiM. sad Fwlianw «l Mtcslbtigr 
is tte Roral CoUi«« ScMscs. 

Reviled thnw^uHU by F, W. HARBOKD, A.R.&M.» F«LC 

CatasAi. CosTsxTm.— Hw Rduwa gf Mctaltum to Cl>cmiQ.*->Plmkid froysi ^ 
«l Maiik.'-ABm TW tWmal Tmoscni of Fuel tad IWsisl llosMussMtiu. 

wish Md f^oM of Metslliinicd PtsctuM.—FuriMcM*— Utas* of Supdriag As 
Is Fiacsfc-“n>ii»o C 1 HBiirti'i>»-TyykiJ McuUsnied Fro onts * .— Ths Ili a o-jt nK ture 
tf MsmR Md Alkiyi.--SMMic Co^dmUSB. 

^ Ko Enftiifa leat-boolt at alt approarhia thir in the ocwrtdmtfiaa with 
vhicfc dM Best Bo dw u vmn oo die subject arc deati wiab. ProlsiKir Aansa'i 
SoIqbo vfll be orraiJg*B.M. not only to tne stodetu, but sbo to Uiom vhoei 
tawiedte oLte iit is le advaaead.*'--Cftiii^</ JV#in. 


fm SbtfioN, Bev i ned, Coaekisrably ^daryad* and la part Ko-writtan. 
With FroHOspiaoe and aMMiotN nfartretiem, 2ta. . 

TEE HETiLLERCT OF GOLD. 


T. KIBKX R03£» aSeLood, A8800.R.aM.. 

Ckmid and Amoentf of 9ke Boifdl Mdd 
Omaas Ctnmim.'^nit Pvepmtes oi o«id ud lu Alkm.>-€biBlstnr 

CwepetBih <4 OoOd.— Mode ol Oee sm ocs ssd OMifbattaii ol OoOA-^lflMjloo Plsoir 
Pw iw hfc — Deep Ftecer Dipee^--4|iiw Cneldnf bi tbe Mtuap BsUevy.-AeMlfMi 
aPte li tbe F<m of MMit end dWifiiiathu Maddoerj. 

-^BtfiOna ta eoM lllllt/~*bi7 Ctetbiag,— teyfidleg.^-lceiUBi.-^^ : 
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QXtWWtB^B XBTAIiliUBaZCAL SSftn». 
SDltlD BY SIR W. ROBBRTS AUSTBN, K.C.a, F.B.S., D.O.L, 
1% Lar(fe Svo. ffandmmu Cloth, W'iUi lUustrtUiono, 


SbooBP Bbitiom, RiwiMd Tbrongbout aad EoU^dd* lUuftrated. 

THE METALLURGY OF LEAD. 

Bt H. F. COLLINS. AssoaHaM.. M.I 118 T.M.M. 

A GciaipiBtA ind ExhAoitive TreatUe od the Menttbctare of Lead, 
with Sootimu 00 Smelting wd DeeilTerleation, and Ohepten on the 
Aeiftf and Analyeia of the Materials inToWed. 

‘*A TBoaeeonr lomrp swt onernl digest. Msy with irxsT oonrmiirai be 
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Sbqoxu Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

Bt H. F. COLIJNS, A8soc.R.S.M., M.Isst.M.M. 

Coeapriaing DetaUs repuAiag ^e Souroes and Treatment of Silver 
Oree^ togrther with De^ptiooa of Plaat. Machinery, and Processes of 
• Manufainarf, Refining of Bnllioo. Cost of Working, Ac. 

•‘TBs setbor has focoMSd * utei snow? or TuoiKS wrowunoa talc s 
senvealMnl Mna. - ■ • Tbs tetbor im evldMiUy coosWersW* prMttesl evwimos, 
•ad dessrtiws tiw vailaas pfooMiws etssHy sad well. .toanial. 


JpBT PoBLWHtD, Frontispiece in Colours, snd Beantifnl Series of 
MiotO'niiort^^rapha 12 b. 6d. net 

A. L L O Y S 

JJfO THHIB IKDOBTRISIi APPUCSTIONB. 

Bt EDWARD F. LAW, A.RS.M. . 
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rmiKD KMTio«r, ReviMd. With Naiawou lUuatnlbM. Lw« Bva. 

HiAdioaM QoUl net 

WHk MHioMt Ckapt^r on Tko Eloctrio Bmotting of $tml. 

THE METALLURGY OF STEEL 

Bt F, W. HJlBBORD, A8S0C.ILS.1L, FJ.C. 

Whh 37 PUtflft, 280 diiitrmtioiia ia th« TuV oad &«»rly 100 Mlcro- 

SactioM ot Mid « Seotioo oo 

TBM MMCBAMiCAL THKATMMNT Oy STBEL, 

Bt J. W. hall, A.MJ1IST.C.E, 

a — ttw PtMt> llMiUMn, T SItih o di miA Camalitn ttf tk* Bonour 

•■d iiliMOMnB«wnk Ptoommi (A«M uA lbri«».>>Tb« Msobulotl TimiiBrat of StMl 
emKffriniat jUB PiMiioii PMwi ftod ll«eUiMn'.-‘nw lalhMiM* WnlloMi. Hmi 
TlMtiMt BpmM It toio Hraet MM L TmOaig. Md " 
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Thiui Enmosi, KsTiaed wd EnUrged. With nuiiy new E*Ute». 
Ids. 

THE METALLURGY OF IRON. 

Bt THOMAS TURNER AflBoc.R&M,. F.I.Q. 

yro f mm r « tM$ Cmmott$ ^ 

Omnml tk w imit . M m tj WO mj ni mOA* 

-AM tw Of.— FuBMiioa tf Irai OrtA-Th* Km Fmmma—TW 4tr wmA i» tA« 
■mi PMMWa— iMtlM It dw lliti ITwWMk— Tlw O iMOM P io Ab Mi of Hmi 

fMam-A* fM m«I I> M* Vmi fwrmm.^ ■••i mA fasa* of iMtt ftMitilin 
fr a p a Kw af Omc Um — TaaMhry PvmiIm. — Wnight liaa. ^taMOiMi Pu d iMaii of 
WraavM faililln Piumm. fwiiH Tvmmmi af Wtaafht lroB.-Omi^ 

arUmaadBMai. 
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OTSAT Tautb ta thaoa oopiM t» tha ireo ^■daatrr.'•-3^MMy Jottnml. 
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FwpaimttOB, AMlnOa, ProtoBUon and Yataatton. 
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Tenth Edition, With Ttblts tod lUnstradoiii. Ch^ 

A TEXT-BOOK OF ASSAYIN( 

for ik$ 9$9 pf Mtfrffffte, tUne 9anoger$t Attaifen, d«. 

By J. J. BERINGER, F.I.C., F.C^, 

TbUk Amipt for, aid Lactarir to the Miatm Awodarioa of^ Conwafi. 

Akd C BERINGER, F.C.S., 

Lata CUaf Amo^ to tba Rio Twto Coppn CoBiwr, LowIob, 

Coimamt.— Paar I. - lanoDucTDiy : MAamnATioir: Svnpiiag; 
OtToif ; Odcabamal RoM^Ulion^ llmKMw; Dry Gm 

Wat Ofwteam-Vohtaiirtnc Awtyi: TitrooiiwTc, ColonaMific, GawoMiio— 
^ lliawriai Ptimia 'Ynnaiiln, Bquaiioaa, Ae.»>Spaate On»ky. 

- H»-AlaTaia t ww a cn oa tad >a wy of Simr. Gotd, Phtiaaw , itecary. Copper, 

^ Paar llL—Noii*MaTAi4 : Oxygca and Oiidcs : Tlw Haloaeai Sntohar aod Sul' 
phaiaa-n^aaafic^ P l aayhon M . WiteDtao Sflkxm, CaiW Boroo^iefal 

** A B8AU.V naamaMoa woax, that amj be aiWf J apeadeJ upoa either far mteaMtic 
ii T a ctl B M or far l e fa r e oce .**— Mt^anr. 


' 111 Oown Svo. Handsome Cloth. Fully lUuatrated. 3a. net 

AN INTRODacnON TO 

PRACTICAL METALLURGY. 

Bt prof. THOMAS TURNER, A.R8.M., F.I.C. 

'* H ia aa axeellrot aad bandy book for iU pnrpoee, and wilt hare a far wMcff rati^ 
Of aaafaltMH than (or claae woiii alone.*’-- Pmcfutu Knifine*r. 

Foosns EnmoKt Revirnd, WUh JSumemu JUusirfUiont. 6$. 

A. TEXT. BOOK OF 

ELEMENTARY METALLURGY. 

' iMindiiic ^ Aatbor** Pbaotioal LanoRATORT Coursb, 

Bt a* HUMBOLDT SEXTON. P.La/F.0.8. 

“dial lb* klad af wotfc far Stadoeta coaanraiw the emdy of XetiUfaify. or far EwHanana 
Slaili a li. ‘’- r ra^o t X w ^ b mt. 

Inurge Svo. CloilL With Dloitratioiw. ISm. dd. set 

NETllLUlfilCn ANALYSIS USSlYINC: 

4 THIf££ Y£m' OOtfSU FOtf STUDEMTS OF SCHOOLS OF KtHES. 

Bt W. a MACLBOD, RA. RSc.. ARo CHAR WALKER F.G.S. 
"Ite iiMinNInB «l tUi vuIbm tandi to pi«fe tUt Um teao hln c vt aMtaUantoal 

analiMfaaBdMWMytiifiaAwUmlkiiatotoeoMpataotbaiida."'^^ ^ 

TnED BDifiOR. With Fnldiiig Flntea nod Mnnjg ma^tiooR 36a.' 

ELEMENTS OF METALLURGY. 

•, A NraMM frwamvi Om AH ^ bbmAioi IMtIifnm tMrOm. 

Bt j. ARTHDR PHILLIPS, ll.IitiT.CR. F.a.S., *a. And 

a BAinnuiAN, v.p.o.8. 
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In Medinm Svo, Homitom Cleth. Fully lUnUriiud, 1$$* ML 

OENERAL FOUNDRY PRACTIC 

A PmAioat Handbook for Iron, Stoot and Bnus Foundertf 
Hataiiurgiito, and StudonU of HetaHurgy. 

By A. M^WILUAM, A.K.aM.. ato PERCY LONGMUIR. 

'*TlMilod«okof foaodiyvork . . . oeetU oo other text4K>ok. . . . The book 
«(MitaJni ft uwMndfHift ftoioftiit c< liif<mD«Uoa, and U well wrfUoa*’'— 7'tm«i; 

SloolfD BDinojf. Extra Chroum 8w. With many lUa^aUoM. 

$», 9d. net, 

LECTURES ON IRON-FOUNDIHO. 

Bt THOBU 8 TUBHEB, M.Sc., A.R.aM., PJ.C.. 

Profeftior ot UeUliurgf In the DniTontty of BtratiTtghen). 

OotnWrnL— VarletlM of Itoii and SteeL— AppIkaUon of Cast Iran.— HlibNT-'-Pn>- 
Nlnetioii. — Iron Oraa.-CoiiipoftiiM»D.‘<-Tbe Blait Rurnace.— MaUrLila.-Rea^^oDa.-' 
Oradlatf PIf Inw. — cartKm, Stltcon, Snlpbor, Pboapbonu, Manfaiieae, Ainmioiom, 
Aiwmlc. and Tftaoluin.-Tbe Potiadry.~-Oaoeral Arranaement-— Be^melUoa 

Caat Iron.'^Tte Cupola. — Fnel Tsed. - Changw diu to Ea-mtiUns. — Honldi 
lloaknnf.->FbQp4f7 L«dlaL— Pnoring and Pouring Te«iparataR,-OoBiiD0fi TroaUei.-' 
Influanoa of Ebapa and Htia on EtrcngUi ol Cartinpu— TeiU. 

" IroofOoodm will Bod niudi lofonnaUon in the bocdL"— /ran Trade Ouvular 


In Crown Hvo. Handsome Cloth, is. 6<L net. 

BLAST FURNACE PRACTICE. 

Bv .1. .).\ME.S MOROAN, F.C.S.. M.S.C.L, 

Author of Qaantitativc Retallotglcat Tables, " Ae. 

C«jrlEa1*.-Ea^oiriiB€aila.~Iroo Orf!a.-F«el.-KluK.~l9ag*.- Quantity! ot Slag.-- 
mtfdetiPCtiMie, KoumL-Hw Wilt. -One Mixing. -Amount and C^unporiUon of the 
Iran. - Cakallalion at Flm,- lleaUna the BlaH; stovei - Drying, Cb^Q(, ^ 
itaaakA-OntBg the PnrBaee.<-r9tInt the Pomace, and Ugbtlng.^Burtng ^ 
PimiaeR— Ikwcsml of the Chaf*a.--f1uihTttg. -Tapping. -Hard Tai^fng Role.— B^lng 
down th* Beda (CaRtliu|)L-‘Jndgti4 the Tcmptiature. -Controlliiw the Temperature.— 
TawpcraUira and tha Eadneum of Hllkmo Tfre Pig Irtm.-Puel ConsumptiML— 
KacftHiuiy In Pnel CoiiauiijjiU(m.-TttyeT>e»: Leaky. Chanjring.-^ler or “Jninba - 
tihetnulJottu - Wlartiiit-6rwiIi^U.--H** Spola. -Scaffold* (Hanging). -«Hpa.— Damp- 
ing Down.-Bki«^ Out-lBhkX. 

SsoojiD EuimoB, iUatoNL in Lnrga Oromn & 90 , With JVunuroua 
lUnttrotiOM, 74 . Bd. 

Tie AIT OF TIE OOIDSITI AID JBIELLEI. 

A OB tlio SaBlpolatlon of Gold and tliea 

laBBteotnro of msonal Onuupenta 

Bt THOa a WIGLBY, 

itMMW d ihi ^ma«B Md 

J. H, 8 TANSBIE, RSa (Loml), F.La, 

tttUM: UmN I OQu UlllTED. EXETEII 8 TRIP» STItpk 



WSslS cw.’s poauoatioks, 
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li» Rtnittd, Miiiarytd, w¥l Tkrvugkm m Laf|fcr Pag6» 

inift TaliMiN* New M&pe^ JUeMrtUkm, 45*. ii«<. 

iM vwo 

I A TRKATiSm ON 

* F B T R O I 4 B TJ 3 ^^. 

Bt sir boverton redwood, 

OSC..F.H.S E.. Ai*oc.jN*TaE, MX. 

CotTxirn.--8aeno« I.:Blilorka]AeccM»to(th«PttrdraiBliiduter.— taonoii ILt 
QMMkia ud 0«QrttUMl DMHbatkMi of PHroUan vbA Motitnl Oftk^ionra 111 .: 
TIm CMiol tad n^itekl ProomUt of PMrotwu and Ntural Oat. IV. ; 

Hm Orlgbi of Puraltiim tad iii^BnlOat.-'SiCTios V.rTlw Prodoe^ of PetrcdMua^ 
!ia»ua] Oat. tad OwItMtW.-EncTlox VL: Tb* ftdlaiitt of htlfotavaa.— SKVIOI VII.: 
TbttttkOU tad AlUad Indottritt.— fiBonon Vllt; TW Tnut^Mri, ^ Ma. 
UilMttoBof PKvoltan.-'ttimoa UL: ttMTMUatof Cradc P>t»d«aia, PtIrouiBi 1 

. . .. . ^ _ .. - Tit n ati Mi a 

to 

ApmvKni. 


QBiMta. and A^pbalv-^ncnoK X. : Hm (Jim of PMioImb a 
tcA JX : aintwtQn. Mualdi^. and oUmt ftaidiUoat njaltoy 
NTnumMt. and I'wof Patr^orottid ttoPiMoata.— APfVVVK;^ 


Ha PtaMa.-^SKni>i 

bba tditlBf . fBonict, TnoinMt. 

-Bnuo«»tnrf.-lxPBi. 

**ll h iiftiyalEhfy tt* mcm «Mt|vthMHdv* ud awapkl* tnttiN oa fa tw U ui t, taJ tbit 
l ia t M ut li tna» at iMtMc tt «btl Bnacfa of it« iaduiiT » Imi of Ht aiaiiu a ntiwU. U 1 * 
On «a^ botb it txliuac* «1^J> tb# «it ata * H«tr m 4 rtUtbi# oaUit* of tfa *?oa%b tad 
H twa t d t f caadtot of tW oattfo ot ta dwaa vortd tbm b • woadoffti^ oonaMt 

( t d o rt t M i of y tatoi ud tttiatiidwao. - ht r iit m m W»ri4. ^ 


&toom» Edition, Henjwd. ¥tUA //'w*frwf»oa«. h>ie* 8*. fW. net. 

A HANDBOOK ON PETROLEUM. 

m mSPECTOBS ukder the petroleuh acts. 

jUJflovtlioMMpacodtBUM^oran^TVaoaporttDUtHtNitkiii.njid IndvatrlM 
Om of NMatta And lu Pmneu, man of cmdam Cniwdn. With 
tatfigUottt on th« Ccos6iieU«Q «ftd Um of HlMrAl OU tanpa. 

Bt captain J. H. THOMSON. 

n.N. CbWf luaocior of BfiAdotoot. 

Asto SIR BOVBHTOK REDWOOD. 

Aaabor of ** A Tomtlto ot pwolMua.” 

** A ootaaM tbiu «in tartHi Uw wootd't aottotw u a iHocMaft, u4 roador ■ torrlca i» tho 
BHmh Inacb of ibt h ida Mr y , . . BofiaMo, la^mMitMo. t hrUlliuit coatnlHitlta.'- 


In Oom 8 to. FbUt &. 6d. Ml * 

TIE lAMIATOlY BOOK OF MINEIM. OH. TESTIIIO. 


Bt J. A. HICKS, 
CiMailt (a Mr Bgt«rle« Itdawd 
W aa tW iladm of mi7 tatJTtioa) clw«dit la ftailkt 


cAmtoof Trodf ^oartiof. 


In Li^ Crown Sro. Cloth. Fnllf UhMtntod 5 *. Ml 

O I Id F U £ IdS 

m 0om.T, ooMPosmov, avx> APPiimtum. 

Br SIDNEY H. NORTH. 


Nmm «t tiMliL^laoMli Aapoat of UmM 
et fwd «t OwiMMtlon In OH IM 1 

i Mfe di aai ImwIwiMi -MoMto Bmw* tad Mathodt-OQ fM 


LASK Mnon OF m '* Fmoim Mtniwr 

, rinl 

Pninao*i.«»larty 

__ I tfff XarlM Pw 

f«Mn.~Ra* fin]pM-aa loa«M«M-lior MateRai^'aad ailiar Pvimui. 
*>AMiaiiidlaM. •'Inin. 

tomwladia till HmoHmI OMbDm «Bt walMt Hr. VatUKli Mealtaat 
lart-Oaol^-Ff^ 

Ttft 


H ihn Bnli 


•A 


LAMP: Its OurtM tad Om* ARnia* 
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U Two Voli., L*rg» 8vo. With lUoftnitioiu, Sold 



CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

IT 

BERTRAM BLOUNT, F.LC, k A. G. BLOXAM, F.I.C. 

BuUdUif, mad ■eUIIursT.-Uenenif 
gMM-InM 01 >ooriOH.--^<^ ^ Chw UatartftU of Cotwtnictiott,- 
Stetm naBlM.-Cbemlitir ot Lnbricitlon tod 
^Ofictat^-- Mnulurfical Proootttt oied hi the WlonlDg tnd Mtoaltc^itre of 
Frtoe luL od. 


9**®f*^ lUnufSMturtng Proeesset .-(Tmeral Conimfi.- 
M lU««ltctor6.-AIIulU *«. - OertnictiTe I>UtUltMoiL--ArUlicitl 

Huire.— retoowmD.’-'Uine tod Cooeot— City and Glttt. — Siuju' tod flttrch.*— 
Botina tod VtnilsbM.— doi^ tod ttodlet.— TexUlet 
wd Bletohm|. 3 C<^ooftaiK MaUen, Dyeiu tod PrintlOK.-Ptper tod PtHebotM— 
81*e.-EiplotlT«t tod Mtt«faet.-Mioor 
MMiitectiirM. THliD Bomoii, TbocoQftUy Kerited. Uloxtnted. 


Stcofiii EuiTiON. Id iMxgt hm Handsome Qoth. With 800 pages 
and 154 lUiutratiooL 35s, net. 

OILS, FATS, BUTTERS, AND WAXES: 

rH£iF PHBPABATtOff AMO PPOPEHTIES, AMD MAHUFACTURE THERE- 
FROM OF OAHDLESf SOAPR, AHO OTHER PRODUCTS, 

Bv C. R. ALDER WRIGHT, D.Sc., F.R.S., 

Lm» l^flbiMr oa dMietitrjr, St. Mur's Hospittl Mectictl School ; Extminer 
■ *' Sato** w th, Oty tad Goddt of Loaooa Institute. 

ThoronghlF ReYtaed, Enlarged, and in Fart Rewritten 

dv d AINSWORTH MITCHELL. B.A, F.I.C., F.C.S. 

** WO! ha fbead aatourmv niDftraMiAtui. TAa AmUfit. * 

**Wfll mk aa the STuniJUto Baoufo Aormwirr on Oat tad Pats for mtay 
'faan la eoML*'>~AwAi«lrdfV wwf /rm. 


im 7 W KeAiawr, ffa// tack campUit in iiulf, 

PHYSICO-CHEMICAL TABLES 

FartImUmof 4 ira/^fi, Cbamiaat Manufaeturen and 

MmtiJIo ChemiaU, 

vaiBib-taanieaBieiMwiiiCiPhrii^ ats-aet 

TohuM IL— Clwalcil Phjnks, Pan ind tnahUaai Ghamisti;. 

•tSKlrtlr. 

B» JOHN CASTELL-EVANS, F.^C, F.C.S., 

teomr aa UHefnak Chiwtory tad llemdargy at Uie Futsbary Tachaic^ CoHoye. 
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TAitn wwahwLW th* 
Ae. ; tad ttaa the pria- 
llw rtiioot bnuKhat of 
lire pttfkt aocBiaey,aad 



'^Muk oum^'oo.'s fUBUOATlOSk. 

Emnoit, ThorongUy Keviaod. F«Uy lUwMed. tit, 

OODS: TESIt COVPOSmOII AM iULTSIS. 

Bi A. WYNTER BLYTH, M.B.C.8., P.l.a, F.O.a. 

BmHvmt-U-Uw, P«b)te AxmJijH for tho Coutf of DtTOik ud 
Modtaol Ottew of a«oHh rot 8t MvTteboMA 

Aud M. WYNTER BLYTH, B.A., R8a, P.C.a 



ovuiAL C«VTi3rr8.-Blttory<rf Jldtth«t«Moii.--UcUUtk>ii.— Aintnta».'-''A^ 
Soaat.'-CoafoctkMMrT.-'Boo^.'-Trooclt.— juM ana P rfatrrod fMta.-'BUirelMa.— 
W|iMtan*na«r.~Bnad.~Oatn- tuity. ~ Rloe.- Bate. lUUoC-Potatooo.* 
PMUu^Ufllila— Banna —IDIIU— Cream.- Buurr.- Otfo-Mamarinn.- Chom .— lard.— 
Ton.— Cdifo.— Cocoa and Clmcol^.- Akw^. - Brandy. “Emm-- 
AtndL- Uqwoinw- AbaiaUi*.- Veiai. ^ Boer.- Vloa. <- VUMpr.-^lMMii and Ua* 
Jaic«w“BBaCaffd.--Pini|>tr.' l^w«H and Utter Almuoda. -AnnaUo.— ODn Qli-^WACdT 
Anaiyils.— ABPawlut : AdanwaUnn Acu, Ac. 

**4 MW adMon of Hr. WyiMr Bt^'a Standard work, ro o m «m an. m aatatar 
a a ac o ra a iaa aan ggaorimina. wtt at aocaytad aa a boon."— O wi fM i l Bww. « 


Foimra Eotnos, TboroagUy BttiMd. in Laifi 8 to, CSolh, vith 
Tklilaa aim inttatratkmi. 2)s. net. 

POISOKS : TBEIt EFFECTS AED DETECTIOE. 


Bt a* WYNTER BLYTH. M.HC.S.. F LC. F.O.8., 

Barriaier^auUiw. Analftii Kw ttw CoaatT of Dnook and 

BadkaACOkarof for St BarTtabocia 

(imnuA C05Ti5iW.“t-HittorkaI Introdnettcm. !1.~ClaaatBeaUim~SlatJMIea-* 
Conaartlim betdaen Tnilc AeUoo and ClHMnleal tio«a|)c«tUQ«-Uia Torda-Crnwra) 
Metkod (rf P t o oa d ma— Tim Afii^iroaoofie^Kiuaktatfoii of Blood and BkwB SUtai. 
OL-MawKwa Oaaaa. IV.- A«Ma and Alkaltaa. V.~Mora or Ima VolalBo fMnaow 
Urtalanoaa Vl.-AIImkddaand ftdaonoM VtaidM vn.-PoiMaM4m1vad 

ftvan LItIih or D>^ Animal ^hidancaa. vni. — Oxalk A«M Gtim H* — 
taanmak ndaooM^ Ay^adcr: Tmimiat, by AntktaUa or oUmuHw. of Oiaai of 

fVAnotttef. 


*lhidaafelaB|ytaa naaraomnnnaoaa aa 
" M a rufiNai aiTM* m iHNw no MifBa 


> Tnatadoaf tn aar tBaanma*'— Ai 
iFmS!^%t toMiTfSiSi nnd j 


Cnm 8f(^ Haaton c Ood^ Fstty Il}«rtyai«dL lOa. M. 

FLESH FOODS: 

Wak M tlkon Or tMr CbiiOwl. MkroMopAeti, «Dd BwUrio. 
• lUlltBttlBB. 

d EmMbb/ / mpMAMB Bud 

Bt C. AOtSWmTH MITCHELL, &A., #XC. ECE 

ttpai: eainiB|imBi « ei. uanm tsm imw 




ouamaTRT iSMiSSSroi 


5k»nd Edition. 


With Numercms' T&biet» Fully lUuiti 


DAIRY CHEMISTRY 

FOB BAIBT JCAKAGBB6, CHEMISTS, AKH AHALTSTS' 
A Practical Handbook for Dairy Chamlata and othara 
having Control of Dairies* 

Bv H. DROOP RICHMOHD, F.LC, 

CMSMtft TO TIW AVLIWURT DAIRY COMrART. 

lBtroducUM7.— The Co&sutuenu of Milk. U. The Aiulysis ol 
MOk . in. Normal Milk : iu AduheratkMis and Aliemions, and their Det^tion. 
IV The Chemical Cootrc^ of the Dairy. V. Biolc^cal and Sanitary Matters. 
Vt Butter. VII. Other Milk Products. VllL The Milk of Mammals other 
than the Cow.^Appendiccs.~-TaUea.— Index. 

"... In oar ofiinioa the book U tbc irst contrisutiok cm thr sdspkt that 
MAS VST AmtARlo in tbc Essi^ )anpiM^,“-~Lmncet (oo the First Edition). 


Fully lUaatraUd. With Photographs of Various Breeds of Cattle, Ac. 
f nd. 

MILK: ITS PRODUCTION & USES. 

With Qkapi$r$ m Dairy Faming, Tkn OineoMes of Cattto, and on the 
Hygfone and Controi of Suppiioi. 

Bt Edward f. willodghby, 

M.D. (LondX D.7 .H.(I>oik 1. and CsmhX 

" Ws oonUaUT reconmend It to everyone vbo has snnhing at all to do idth milk.' - 
DaIrvrefW. 


In Crown 8vo, Fully Illustrated, 6d. net. 

THE LABOBATOBT BOOK OV 

DAIRY ANALYSIS. 

Bv H. DROOP RICHMOND, F.LC, 

Aanlyvt to the Ayl»bury Dairy Co., Ltd. 

“ tl^lheiM doubt the b«M oontribution to the htentan of iu nibject that has ever been 
rftean.*'-aM»ru/ romn, 


la Imrga Crova 8va, Cloth. Fully lUoatratad. ia. 6d. net. 

ELKUIITiRT MRlCIILTlim CBRaSTRI. 


B? HERBERT IRaLG, B.8., F.I.a, F.CS. 

Ato«iphere.-.The^^-KaJ^ Wst^^ 
nML~lfaawsa-*Cropa--TlM AnhaaL - foods wd FeedlOf.—Tbe IWfy.— Mlecel- 
Uftiom~lji*aJt. _ 


At Fumu In Crama 8vo. Handaoiiia Ootk Illuttratad. 

BjOIIa BiLCTERTA. 

' Bv rhUBB OLARK, U.A., D.Sc., A.a0.a, 

fUndpal al ths A nadsm y , Klhaaraoek. 

laHS: ***““ iRinfn i eou umno, exeter sime^ anuia 






mj» co:h puBUOATiom. 


lo HMdtMM CbUi, FqUj lUwlirtttd. 31a. net 

mciPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRAOTIOAL MEN. 
Bt WALTES J. 8YKSB. 


Ritised bt ARTHUR R. LIHO, R.I.C., F.C.R, 

Irtt t w of tb» JowfiMl of tiM lacUlBto of Browtaf. 

Covmm. Priadi^sa lDV<rfvtd.<~Tb« OionititrT of Browtac.— TN 

- Vfftuhlo BIdIoif. - ftm»»uUoo. Wattf . - Barttjr tod MdUng. » 
Artam—rnt of Knwwrf T1a»t-'(^taiiiaiM of 
Tliirtut *Tn-T-tTrlYr1-T of Boor.—OtoMMi of Unt.’-INPEX. 

** A IboHii^ wd wapi riWwiT B tnVbooA . . . ttp.|o>d«Mi . , . ttiUfMlaid 
toart-teok .'*— JmtrmaL 


111 Largo Svo. Comploio in Two VdinmM. 

Baek Votumi CoMp^ir km stia &»(d StpmmLdf. 

TECHNICAL MYCOLOGY:. 

The Vtilitathn 0/ 9 icnh 0 f^<mi$m 9 im thm Artm oiwf HoAtf/MterM. 

Bt Db. FRANZ LAFAR, 

9fct of FwiaHHia Fljililw mi Iwwrtn log fa fAo TikImM iOia Mwot, TImmo. 
TatMMnw »r cSABUi T, c. &ALTBB. 

voL t-«oiiixo«Ycvnc rvRMStrrATioN. 

Vot Il.-KUlfTOVnC FVIUiSIlTATION. 

Non.— Part I. of Vol. IL was lanud wparaUlF at 7a ad. Oo|aM of Pari 11.« 
Vi4 a, iMTa. Uwtffoio, bo«i tonad ap toonM Uiuat pmawritif Pari L to vmj/hm 
iJMir eoytaa. 

*'TV imworfcof ikoktodwldeli aaa taytiatas to otwnilstaaaaa la Phi poatawai of 
aUsrtMitataatfaai, TW itu W adwtialda, ika oMiaatlqs PaipU. tto otylo W food, 
awf laa tadawf of tko wNtda wfaMo la 10 mmv mn tmtonmikm w «ka raador 

AM. „ V ' 

Orawm Bvo, Haodaomo Cloth. With tHagrama* 7a. (kt mA 
(ChiwpaiifM PohriM to bf Hm tamo Aittkcr,] 

TOXINES AND ANTITOXINES.' 

. Bt OARL OPPEMHRIMER. Fb.D.. M.D., 

Of Ukt Tifidologkal liotltai* at magaa. 

TBAnAami fUM ntt GmiAif it 

a AIHBWOETH MITOHSLU B.A., F.I.aB F.aa 

A dOH i — tytha A it hO f .MalhapihilaaMorttw Il i w iaa EMttoa. 

** hr waa h h «f doWL «a Imwb bo lOMai waifc «• TmlM wUck otiala iht om 


1b Chwww TTaadann CMl PtIm 7a. 64 mOL 

• FERHElirTS: AND THEIR ACTIONS. 

4 r«to**l M (M Utmbtrg ml ^ f t m m Ut iDt 
-3* OARL OPPBNHBIliBB, Ps-II., WD. • 
TkiMum at a Aamroam miichbl, ra, rlo.. p!oa 








Sto. Cloih, With 147 lltstlnmoat. 1 m. mI. 

A lUHUAL OT 

PRINCIPLES OF SEWAGE TREATMENT. 

Bt P»of. DTJNBAK, 

Htnekn vt llw laiUMt of 8li4« llffliaOi 
Emuar EomoK bt HARRY T. CALVERT, H.Bc., Ph D., F.La, 

CUtf OMWokol Antiteal, W«m lUd^ of TarinAlt* Wwt * 

OomnA-Growth of Elm PiAlotioo.-Li|il tAk«o h$ Cmind And Caoai 

AbUmmHM-EJm And DvnlofBMmi of McUiodt of Svvam i raUmtot-^tAiU*^ Vim 
on EvUnds of Tt«Atm«id.-~ClwrteA«fl^^ ot iBiwtM.-witcfai of PwUkMkw Worta, 
-1 I«(Mo4b torib» H maotaI c 4 SotpawM EtKiff.'-rQr Uw tUMnona of PAtn*cUiUl(|.^ 
PWnfArtfcw ~8qp«niwoo and laafMKlJooof Worte^^l'UlUy andCoat.— IBOIX^ 

W« hanitU^ tam m m i tlit hook aa n perttUarijr Hair aid topnrtlAl lUtcttcttt oC (b* 
phnnil puajlkM of the MWifc |«ii)ldein.'*-L«Mrt. 


BmmUtvitjf lihuhkiUdt VioMruna Plafea, DiagrtuM, amd 
fiQmru In <A< r«ct. lit. nrl. 

TRADES’ WASTE: 

m TBBATimrr aitd otiubatioii. 

MnBdbnoir Itor io r oa gh tagtBMrt, Sunrtjrort. ArehtiBOU, and Aniaysu. 

Bt W. NAYLOR. F.O.S., A.M.lvn.C.E., 


"TBm* a anhakl* no a n w o n In Kactaact lo-day better flusd la daat rmdonaiu «<tb 

•ME M fmlMV 


Iji BaBdaoHM OonA With M lllutemlikiat. 6 b. Mt 

SMOKE ABATEMENT. 

A Ihunmt for fib* IIm of Eam f me dM rm % ftmpmtorOt Eodhat Offhon of 
Hoafik, Bogtomn, aod Qtkon. 

Rt william KICHOLBON, 

CNERnwtotaB»art«n>otMRhiSi1dOBr»ofBll^ 

‘*Wt mV, inn II inch nn adetiwRa itaUMMUt on aa ImpotUnt 
MtMJmrmL 

SttOMD EomcRi. In MedhuA Mm TboroBglily Revised nad Re^WiittM. 

CALGAREOiT^ GEMBNTSi 

THEIR MATURE, PREPARATlOM. AMD USER. 

WMte MMM KMMuta mwam Owmm* >■—!»«< 

Br GIL BERT R. REDG RAVE Amoc. I wt. C. E. 

AaddnaR SecMMPV far TncfaMdoRT. Bomd of IfaoMloa. Snnik KoMfaflon. 


Akd CHARl^ SPACEMAN. F.C S. • 

**y< can t he w e e hl p wf iwaid h oenBr * ctai a ia ’ rBrti b eai ."-*>Am<'Aa^ A < Wi nn»^ 



Ufafiliriul OifRI I (A. UWTO, EXETH dlEtT. ITifa 





Qaamarir 

With Four Fridioi FbiM Mid Nmniroii. 

<>-6d.aai 

.^JW?**'**^ ■UPJPtiYi 

n* or »Mnu mi tkt Blotritatln tf Wator. 

B» RgQIWA IiD K. MIDDLETON, M-lmKCE,, M.Imi.Hii>H.B., F.i 


linmmtfti 


ai.U1VX; V. A., A 

riipInwiiTlt^ - "■‘"Iwtiiif Bjmtni. - ?uapta( MhMiim. - gpMitls 

■ ■ ■ .*» * «>» ■tutot. Mid » OOBrtwt In, a. „ 

uUflp^ it win tal^ an iMporUnt poattloQ on tho boo fc^ f ”— PriMrtatf Aylneer! 


In Iatk* Crown $wo. Fully IllnatmtoiL In Two Volooua. 

^ VokUMK l> Fckikth Edition • Price 7s, Sd. net« 
ff II. Third Boition. Rradv Shortly. 

THE CHEMISTRY OF 


manufacture : 

A Hai^BoekMthtfnduetlM, PuriJIoaHon, wid TuOng tf Illuminating 
Oat, ami tkt Auag tf tht BgmPnduttt tf Bat ianufaeture. 

Br W. J. ATKINSON BUTTERFIELD, M.A., F.I.C,, F.O.S 

Fomwiy H«ad Cbaailit, Om Worka. BBcfctMi, Lo« 4 ok E. 

“Th. UB .OHC of itt «hhdi «. hoT. em hiol th. pIoMon of nh 
FHwtnir." ~~Jonmai of Uom lA^htino, 


SM«>Nh KuiTtoN\ R^wrilteu. IlluHtrated. Ss. W. net 

JL C c: T Y lo B N £ : 

THE PROfOtPlJIS OF IM OEKXBATION AHO USE. 

Bv F. H. LEEDS, F.I.C., F.C.8., 

Mmtrr u( Ui» Sodrtj o( PnWIc AmIjtiu atxl oI the Acetj'leneMMadiUoD; 

Ai«d«W. J. ATK1NSO.V BUTTERFIELD, M.A., F.LC., F.C.S., 

OwniiA, Author oT “ Ttw Cbemirtrf of Oaa Mannlactnie* 

*• Bdflrfnl af iii(aniiatkiii.‘*'~-Clrw. Trmit 

“* Unwo^ly rwoAM«n<l tht book to the munAietiiKr at a rtlUhle work 
m ntanam, u» th« wer aa aniiptyliig imlnabH hlaU on apparatni and methods ol 
prandow, and to the studant u a safe and oertaln Ka.iA 9 .’’—Aeetiiitme. 


L*rgk Svo. HiiAdnoaie Uotb. Pricn 16 s. irat 


PIRK ARD EXPLOSIOR RISKS: 

A RMkiM* f/ Nw OrfwrthMi f maiHfati oa^ aatf of Firu aad Exalotfono. 

Bt Dr. von SCHWARTZ. 

Tr s ai l s t sd from ths HeTiisd German RdHion 
Bt C. T. C. SALTKR. 


, AasstMO OuttiAL Ommam-ftras and 

ptssws artainf |» im Sonreii 


rt]im->ftna and RratoRaBa o( a Onnarat Cbanetar 
nl liriit nd IImI nantfainai CMaa-pRIika AUendinc 

jw^^MIsiiii Olli asd fSf.<-AJeob(4g Se.~mUli, Oitd^ AeMi, So.-iGvwiK 
IfaMoi AMdlNMm, VlMwntte. 

0 sifNlk a sNakb ol tetonw att on on tlM ebamlitiy of fln and kMnd 

liRemk and Thai tapocteMa.'’— 







SicoUD Eoitiok, RctM. la Cnmn Sfo. Haadme CIoUl holiMely* 
lOaiiiiUdL Si. 6d> acL 

’ SANITABY ENGINEERING : 

4 ^rmthat «f T9m» Onda^ wti Smag a aai ttafuaa 

Bv FRANCIs'wWDf^MTKST.C.E., F.G,S., 

Bon.^ miB ! IMi BMOtflt KitBtaMri Bmi^ Lutt> 


aa»>mAii ooiT*av«a 



^pi: cMtta wmi « Ok, uMfTEa aaa iner, 









0BMMI8TMT ANWTBCHBOIA^t. 


Snoin) EDtTiON. In Lwrgt 8vo. Bandwm OictK 

Bbmtnlttd, With Flaiu wd m the Text. iU. nd, \ 



1011 Hl»« UD linTlIllI 

A PmcHoaf TrmtiM for Enginoen, 8uru$yor$f atid Ot^ero. 

With ait Hikosical Skitcs or Akouiti axd Morastf Peactici. ' 

Bt THOS. AITKEN, A880cMJir8T.O.E., 

Mrwhtr oC AttOoMflO ot Manldotl eaA Qonnu Eafteeaw; Hember of the SMltarr 
link.; Surroror to Un Oooatr Oouoil of Into. Ctepor DivlBioii. 

WITH WdOtOUS HATiB, DUOAAIta. AttO tUUSTBATlOMB, 

6oiimm-*HiMorioAl Sketch.— RMittADoe of TfActiim.— lAying oat 
New B ootii. — Berthworki, Dninege, ehd RetAhu&g WeUe. — Bead 
Materiak, or Metal, — Qnarryii^. •— Stone Breaking and Hanlm.— Road- 
Rolling and Soanfyi^.— The Cmutraotion of Kew, and the Maintenance 
gt exiatiiig Roada. — (Suriage Waya and Foot Wajt. 

•*Tle mowfy Ofto U wcitijw. . . . A ooKrajnunin and ucuun Modem Book, sa 
7B w«(t. . . . Sbotild bt OB Ut« ndtnoct riuU of etttr Mnitic^ai and Ooutr 
•r i am yoc is kbt Dniiad Mtofdomt and of trtry OidooUl Bi^eer ** " 


In IIuHthnumt Ciexh. Fttllg lUuMraUd, lOr. 6 d, net, 

DUSTLESS ROADS. 

TAR MACADAM. 

Bt J. walker SMITH, 

^ Rt^vNtfl) ftatlaw utd Mantf of Worfca, BtUabnrfh* 

Conneaa NirtMtljr for Itapmnd and bundard Boad Oonttmetion.— ' t 4 8tAQdanUsati<Hi 
id liami -Annifat* l«f Mamdan inaw^iit M«d« of and 

Mtxtef .-^BAcIb ofWtar. I>en«tir. I>i»lrtbiil*oii of Wttou^SmTen^ : Rat*^ and 

Mahilmiriia Ciiinba* Oradfent, NutaawainM, Ujilenk AovanUfca. — iMtiof- — Trutive 

‘•Tie tang la la ttefy raaytet np-todatcktud rtty ans^ve. It U writt^ by om 
who IlM iMd ankiM wwtiuilUea lor atiidrlnit U» anbU^, wbo haa tt«le htaa^ 
mater of nil tu and wtio la not afmM to expreai fait o^foni tbereoti. 4t U, 

Uwtelurt, ineetleil In UR boat aene <4 Uit tenD.’'~Ciwnbf and Munxapd ifteonf. 


in Dmg Sro. Handevm QUtK iril* ifony TahUs, Sa «<f. 

t * TBX THBORT AND FRAOTIOE OF 

ElllElLIlt 01 1101 ilD STEEL. 

Bt JULES ORijNWALD, 

TMwl«,l CbuaM ud W«W lluii««b 


awfUM^aia-lMMDt. 


URMt ffl W tf t WfPIH 4 00*1 UMtTID, EXETEI STISEI« fTRMIk 







Tritaffi BNTKHI. b lngeSto. tbadioM 

•ad Sevml Ithutntiou. i6k act 

THI OHEMUTTBY OF INDIA RUBBE 






/MM/ag tt* OutUim of a Tkoory on Vuhmioatlon. 
Bt carl otto WEBER, PitD. 

villi ud aiio udiiiical (au^ . . . TheiectioDoa 

pfwpmmhMQomtJiiltt »«««•# tfmrf thini kcowo tm ibc subJecu^WvdftwvWrr, 


In Handsome Cloth » Fully Illustrated, los. 6 d. net. 

THE MANUFACTURE OP RUBBER GOODS. 

• Bv ADOLF HEIL and Ur. W. ESCH. 

Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

ClicmiM lo Alestn. J. G. Imcbah & Son, London. 

CfEMBcAL Comteht^.—Rav Malcml and it» Prepantion.—VuU^isatlotu— Rubber 
a Mutac«.—Mudictnre of Soft Rubber Goods.— Manufiurute of Hard Rubber Goods. 
— Rena o ef U ion of Waste Rubber. —Specific Gravity of Rubber Goods.— Index. 

■’tiin tjc recotunieiKlcd m n very pnctiail nud tttefiil wmIl”— A' a^iire. 


In Large Crown Svo. Fully Illustrated. 5s. neL 

oZaUe:, oeuatikts:, 

AMD THXIS ALLIZD FBODUOTS, 

A Frflcffaa/ ItaNdBoa* /ar fAt UvMtfacturtr, Afri$uituritt, omf SUiAtnt of Tothitologif. 

By THOMAS LAMBERT, 

Afutyiical utd Technical Chemui. 

OMrTnm.— Hisu»ricil.— Glue.— Gbutine.— Sue and ItiocUss.— Treauneni ot Effiu* 
enu voduced in Glue and GoUtine Making.— Liquid and other Clues, Cenoits, ftc— Uses 
of Gm« Md CoUtiBf.— Rettdual Products.— Analysis of Raw and ruitshed Products.— 
Anwiraar.— I ndex. , 

'* ABoflkicNt account of modern otethods of working, chi^y from a ^ctical standpoint. 
A bo^ ... of real value.**— CAcnearW Afcwi. 


In Luge 8vo. Handsome Ooth. Fully Illu^nt«L 15s. net 

XeBATHBR TIMLOBV CKBBnsrTRY. 

A PrN«rfM/ Mmmi/ m ta* AmUhoI* of MatorMo offd fiofoM ProAueti. • 

Bt S. R. TROTMAN, M.A. F.LC, 

Public Analyst for iha City of NoainghaiB, Member of the InUmatioDal Assodation 
of Levther Trades' Cheousta. 

SvNorats OF Contents. -Sunthud Solutions. -Adds, Alkalies, &c.-Waier.— D«Uation 
and Dettmlag.— Ptashiucs, Ac. -Ctao.— Spent Liquors.— Hioent «id Vegettble Tanning 
AM«lE—Oii)i.—$B*ps.-VantalMn.-Sksa.- Leather. - Dyestuffs- Degreasing Agenta.- 
Cl oatAEY.- I ndex. • , 

Mr. Tioumb has vdntirably suoctedeil in his aim. . . . Practically cimry section of 
the Imrther trade dtenttstry is fove inio.*'-/.A«Arr TmAtt' Jtmifm. 

r'r. ; :-:: i i « 

In Laige Svo. HandtoiDC Cloth* With Plides and lUuatnilions. 6d. net. 

THE MANUFACTURE OF INK. 

••mSUm tot fnOiKltn u* Movtta •/ W«U»,. *.«(.#. pH (W# <«*•• 

BXjC. A. U^HELL, BA., F.I.C, F.C.S.. & T. C. HEPWORTH. 

**HMe«n|My waBavMiitd . . aiid of a itniUnely practical order."— tfrtWtdPrWrr. 

IMINi IIIUMI8 WlfflN 4 CIL UNITED, EXETER SBEtT, STRUUk 


o £DinoK, Tkor^kl^ HtiH4€d Im Tm l/orgt 

ypbtmim. H<md»omt Cl^ 45«. 

A MANUAL OF DYEING s 

JMB m OF FftmmL onoa, KAttuFmuaeRS, tTUKHTi, 

AHO AU IHTeRUTtD IK THE ART OF OTEIKR. 

tT 


I. mCBT, PhJ)^ F.LC., CHR. RAWSOM, FXC.. F.C.S., . 

lift VMhaiai MmI, WwiiwiinlmW «t ^TW •( lk» T>iiliwl>U Olliji. i lUMkit 

And RICKARD LORWEMTKAU PR.D* 

GtHULiL Co!rrt3na,-^CIieiiuoAl Technotm of tho ToitU# Fabric*— 
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